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(54) Magnetic composite particles for magnetic recording medium, process for producing the 
same and magnetic recording medium using the same 



(57) Magnetic composite particles suitable for use 
in a magnetic recording layer of magnetic receding me- 
dium comprise: 

(a) magnetic core particles having an average par- 
ticle size of 0.01 to 0.3 um; and 

(b) from 0.1 to 20% by weight, based on the weight 



of said magnetic core particles, of inorganic parti- 
cles which have an average particle size of 0.001 
to 0.07 um, which are fixed or anchored on the sur- 
face of each magnetic core particle through a silicon 
compound derivable from a tetraalkoxysilane and 
which comprise at least one inorganic compound 
selected from oxides, nitrides, carbides and sulfides 
containing aluminum, zirconium, cerium, titanium, 
silicon, boron or molybdenum. 
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Description 

[0001] The pres nt invention relates to magnetic composite particles for magnetic recording media, a process for 
producing th magnetic composite particles, and a magnetic recording medium using th magnetic composit particles, 
and mor particularly, t magn tic composit particles being suitably used as a magnetic mat rial in a magnetic r - 
cording layer of a magnetic recording medium having a high durability and an excellent magnetic head cleaning prop- 
erty, a process for producing the magnetic composite particles, and a magnetic recording medium using the above 
magnetic composite particles as a magnetic material for a magnetic recording layer thereof. 
[0002] With the recent tendency toward miniaturization and weight reduction of video or audio magnetic recording 
and reproducing apparatuses as well as prolonged recording time of these apparatuses, magnetic recording media 
such as magnetic tapes or magnetic discs have been strongly required to have a high performance, namely high 
recording density, high durability, good electromagnetic performance or the like. 

[0003] The magnetic recording media such as magnetic tapes or magnetic discs are contacted with a magnetic head 
upon recording and reproduction, so that a magnetic recording layer thereof tends to be abraded, resulting in contam- 
ination of the magnetic head as well as deterioration in recording and reproducing characteristics thereof. For this 
reason, it has been conventionally demanded to provide high-durability magnetic recording media having a high abra- 
sion resistance and a high magnetic head cleaning property. 

[0004] Hitherto, in order to enhance the abrasion resistance and magnetic head cleaning property of the magnetic 
recording layer of magnetic recording media, it has been attempted to incorporate various abrasives such as alumina 
(AI2O3), hematite (a-Fe^) and dichromium trioxide (Cr 2 0 3 ) in the magnetic recording layer. 
[0005] However, these abrasives have many problems due to respective inherent defects thereof. For instance, it is 
known that alumina has a poor dispersibility in binder resins. Therefore, when the amount of alumina added to the 
magnetic recording layer increases, the surface smoothness of the obtained layer is considerably deteriorated. In 
contrast, hematite exhibits a relatively good dispersibility in binder resins. However, in order to obtain magnetic record- 
ing media having a sufficient durability, it is required to add a considerably large amount of hematite thereto, resulting 
in low filling percentage of magnetic particles and, therefore, poor electromagnetic performance. Further, the use of 
dichromium trioxide is undesirable from environmental and hygienic viewpoints. 

[0006] Thus, it has been required to provide magnetic particles capable of not only producing magnetic recording 
media having a high durability even when being added in a small amount into the magnetic recording layer thereof, 
but also exhibiting a good polishing property. 

[0007] Conventionally, various attempts have been made to improve properties of magnetic particles. For instance, 
there are known magnetic particles each having on the surface thereof a coating layer of an oxide or hydroxide of Al 
or Si (Japanese Patent Application Laid-Open (KOKAI) Nos. 62^89226(1987), 63-64305(1988), 64-50232(1989) and 
4-141 820(1 992), etc.); and magnetic particles onto which fine particles of an Al or Si compound are adhered (Japanese 
Patent Publication (KOKOKU) Nos. 7-55828(1995), 7-55829(1995) and 7-55831 (1995), Japanese Patent Application 
Laid-Open (KOKAI) No. 6-151139(1994), etc.). 

[0008] Thus, at present, it has been most strongly demanded to provide magnetic particles being suitable for pro- 
ducing magnetic recording media having more excellent durability and magnetic head cleaning property. However, 
there have not been obtained magnetic particles capable of fulfilling the requirements. 

[0009] Specifically, the magnetic particles each having on the surface thereof a coating layer of an oxide or hydroxide 
of Al or Si exhibit an improved dispersibility in binder resins. However, magnetic recording media produced by using 
these magnetic particles are still unsatisfactory in durability and magnetic head cleaning property. 
[0010] Also, the magnetic particles onto which fine particles of an Al or Si compound are adhered, as described in 
Japanese Patent Publication (KOKOKU) Nos. 7-55828(1995), 7-55829(1995) and 7-55831(1995), are improved in 
dispersibility in binder resins. However, the fine particles are insufficiently bonded onto the surface of each magnetic 
particle and tends to be desorbed and fallen off therefrom. Therefore, magnetic recording media obtained by using 
these magnetic particles are still unsatisfactory in durability and magnetic head cleaning property, and fail to reduce 
the content of abrasives in the magnetic recording layer thereof. 

[0011] Further, in Japanese Patent Application Laid-Open (KOKAI) No. 6-1 51 1 39(1 994), there is described a method 
of firmly adhering fine particles of an oxide or hydroxide of Al or Si onto the surface of each magnetic particle by first 
precipitating the fine particles on each magnetic particle and then subjecting the obtained magnetic particles to pul- 
verization treatment. However, as described in Comparative Examples hereinafter, the magnetic particles undergo 
such a drawback that a considerable amount of the fine particles are desorbed or fallen-off therefrom upon use. There- 
fore, the magnetic recording media produced by using such magnetic particles cannot exhibit a sufficient magnetic 
head cleaning property, resulting in failing to reduce the content of abrasives in a magnetic recording layer thereof. 
[0012] As a result of the present inventors' earnest studies for solving the above probt ms, it has been found that 
by mixing magnetic particles having an average particle size of 0.01 to 0.3 |im with inorganic fine particles having an 
average particle siz of 0.001 to 0.07, and comprising at least one inorganic compound s lected from the group con- 
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sisting of oxides, nitrides, carbides and sulfides containing aluminum element, zirconium element, cerium element, 
titanium lement, silicon element, boron lement r molybd num element, to adh r the inorganic fine particl s onto 
the surface of each magnetic particle; adding tetraalkoxysilane to the obtained particles; and then heating the resultant 
mixture at a temp ratur of 40 to 200°C to fix or anchor th inorganic fine particles onto the surf ac ofeachmagn tic 

5 particle through a silicon compound deriv dfromth t traalkoxysilane, the thus obtained magnetic composit particl s 
exhibit an xcellent dispersibility in vehicles and th fine inorganic particles firmly fixed onto the surface of each mag- 
netic particle, so that a magnetic recording medium produced by using the magnetic composite particles is excellent 
in durability and magnetic head cleaning property. The present invention has been attained on the basis of this finding. 
[0013] It is an object of the present invention to provide magnetic composite particles not only having an excellent 

10 dispersibility in vehicle, but also being capable of providing a magnetic recording medium exhibiting excellent durability 
and magnetic head cleaning property due to such a structure that inorganic fine particles are firmly fixed or anchored 
on the surfaces of magnetic particles. 

[0014] In is an another object of the present invention to provide a magnetic recording medium exhibiting excellent 
durability and magnetic head cleaning property. 
is [0015] To accomplish the aim, in a first aspect of the present invention, there are provided magnetic composite 
particles comprising: 



magnetic particles as core particles having an average particle size of 0.01 to 0.3 urn; and 
inorganic fine particles having an average particle size of 0.001 to 0.07 pm, which are present on the surface of 
each magnetic, and comprise at least one inorganic compound selected from the group consisting of oxides, ni- 
trides, carbides and sulfides containing aluminum element, zirconium element, cerium element, titanium element, 
silicon element, boron element or molybdenum element, 

the inorganic fine particles being fixed or anchored on the surface of each magnetic particle through a silicon 
compound derived from tetraalkoxysilane and the amount of the inorganic fine particles being 0. 1 to 20% by weight 
based on the weight of the magnetic particles. 



[0016] In a second aspect of the present invention, there is provided a magnetic recording medium comprising: 
a non-magnetic substrate; and 

30 a magnetic recording layer formed on the non-magnetic substrate and comprising a binder resin and magnetic 

composite particles comprising: 

magnetic particles as core particles having an average particle size of 0.01 to 0.3 urn, and 
inorganic fine particles having an average particle size of 0.001 to 0.07 |im, which are present on the surface of 
each magnetic, and comprise at least one inorganic compound selected from the group consisting of oxides, ni- 
35 trides, carbides and sulfides containing aluminum element, zirconium element, cerium element, titanium element, 

silicon element, boron element or molybdenum element, 

the inorganic fine particles being fixed or anchored on the surface of each magnetic particle through a silicon 
compound derived from tetraalkoxysilane and the amount of the inorganic fine particles being 0. 1 to 20% by weight 
based on the weight of the magnetic particles. 

40 

[0017] In a third aspect of the present invention, there is provided a process for producing the magnetic composite 
particles as defined in claim 1 , comprising: 



mixing magnetic particles having an average particle size of 0.01 to 0.3 pm with inorganic fine particles having an 
average particle size of 0.001 to 0.07, and comprising at least one inorganic compound selected from the group 
consisting of oxides, nitrides, carbides and sulfides containing aluminum element, zirconium element, cerium el- 
ement, titanium element, silicon element, boron element or molybdenum element, to adhere the inorganic fine 
particles onto the surface of each magnetic particle; 
adding tetraalkoxysilane to the resultant particles; and 

heating the obtained mixture at a temperature of 40 to 200°C, thereby fixing or anchoring the inorganic fine particles 
onto the surface of each magnetic particle through a silicon compound derived from the tetraalkoxysilane. 

[0018] The present invention will be described in detail below. 

[0019] First, the magnetic composite particles according to the present invention is explained. 
[0020] The magnetic composite particles of the present invention, comprise magnetic particles as core particles 
having an average particle size of 0.01 to 0.3 pm, and inorganic fine particl s adhered onto the surfac of each magnetic 
particle, which have an averag particle size of 0.001 to 0.07, and comprise at least one inorganic compound selected 
from the group consisting of oxides, nitrides, carbides and sulfides containing aluminum element, zirconium element, 
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cerium element, titanium element, silicon lament, boron element or molybdenum element. The inorganic fine particles 
ar firmly fixed or anchored onto th surfac of each magnetic particle through a silicon compound derived from 
tetraalkoxysilane. 

[0021] As the magnetic particles used as cor particl softh magnetic composit particl s according to the pr sent 
s invention, ther may b exemplified acicular magnetic iron oxide particles such as maghemite particles, magnetite 
particles, b rthollide compound particles as intermediat oxides between maghemite and magnetite; acicular magnetic 
iron oxide particles obtained by incorporating different kinds of elements other than Fe such as Co, Al, Ni, P, Zn, Si 
and B in the above acicular magnetic iron oxide particles; Cc-coated acicular magnetic iron oxide particles obtained 
by modifying with Co onto the surfaces of the above acicular magnetic iron oxide particles; acicular magnetic metal 
10 particles containing iron as a main component; acicular magnetic iron alloy particles containing elements other than 
Fe such as Co, Al, Ni, P, Zn, Si, B and rare earth metals; plate-like magnetoplumbite-type ferrite particles containing 
Ba, Sr or Ba-Sr; or plate-like magnetoplumbite-type ferrite particles containing at least one coercive force-reducing 
agent selected from the group consisting of divalent and tetravalent metals such as Co, Ni, Zn, Mn, Mg, 71, Sn, Zr, Nb, 
Cu and Mo. 

is [0022] In the consideration of the recent tendency toward high-density recording on magnetic recording media, as 
the magnetic particles, there may be suitably used the acicular magnetic metal particles containing iron as a main 
component and the acicular magnetic iron alloy particles containing elements other than Fe such as Co, Al, Ni, R Zn, 
Si, B and rare earth metals. 

[0023] The magnetic particles as core particles used in the present invention may have either an acicular shape or 
20 a plate-like shape. The "acicular" magnetic particles include "spindle-shaped" particles, "rice grain-shaped" particles 
and the like in addition to literally "needle-like" particles. 

[0024] The magnetic particles as core particles have an average major axial diameter (an average particle size in 
the case of plate-like particles) of usually 0.01 to 0.30 urn, preferably 0.02 to 0.2 um 

[0025] When the average major axial diameter or the average particle size of the magnetic particles as core particles 

25 j s more than 0.3 ujti, the obtained magnetic composite particles may become coarse. When such coarse particles are 
used to form a magnetic recording layer of magnetic recording medium, the obtained magnetic recording layer may 
be deteriorated in surface smoothness. When the average major axial diameter or the average particle size of the 
magnetic particles is less than 0.01 um, the magnetic particles may become extremely fine, so that the agglomeration 
of the magnetic particles tends to occur due to the increased intermolecular force therebetween. As a result, it is difficult 

30 to uniformly adhere the inorganic fine particles onto the surface of each magnetic particle and evenly fix or anchor the 
inorganic fine particles thereonto through the silicon compound derived (produced) from tetraalkoxysilane. 
[0026] When the magnetic particles as core particles used in the present invention have an acicular shape, the ratio 
of an average major axial diameter to an average minor axial diameter (hereinafter referred to merely as "aspect ratio") 
is usually 2:1 to 15:1, preferably 3:1 to 10:1. 

35 [0027] When the aspect ratio of the acicular magnetic particles is more than 1 5:1 , the magnetic particles tend to be 
entangled or intertwined with each other. As a result, it is difficult to uniformly adhere the inorganic fine particles onto 
the surface of each magnetic particle and evenly fix or anchor the inorganic fine particles thereonto through the silicon 
compound derived from tetraalkoxysilane. When the aspect ratio of the acicular magnetic particles is less than 2:1, 
the coating layer of the obtained magnetic recording medium may be deteriorated in strength. 

40 [0028] When the magnetic particles as core particles used in the present invention have a plate-like shape, the ratio 
of an average plate surface diameter to an average thickness (hereinafter referred to merely as "plate ratio") thereof 
is usually 2: 1 to 20: 1 , preferably 3: 1 to 1 5: 1 . 

[0029] When the plate ratio of the plate-like magnetic particles is more than 20:1 , the particles tend to suffer from 
stacking. As a result, it is difficult to uniformly adhere the inorganic fine particles onto the surface of each magnetic 
45 particle and evenly fix or anchor the inorganic fine particles thereonto through the silicon compound derived (produced) 
from tetraalkoxysilane. When the plate ratio of the plate-like magnetic particles is less than 2:1 , the coating layer of 
the obtained magnetic recording medium may be deteriorated in strength. 

[0030] The magnetic particles as core particles used in the present invention have preferably a geometrical standard 
deviation of particle size of usually not more than 2.0, more preferably not more than 1 .8, still more preferably not more 

50 than 1 .6. When the geometrical standard deviation of particle size of the magnetic particles is more than 2.0, coarse 
particles may exist in the magnetic particles, thereby inhibiting the magnetic particles from being uniformly dispersed. 
As a result, it is difficult to uniformly adhere the inorganic fine particles onto the surface of each magnetic particle and 
evenly fix or anchor the inorganic fine particles thereonto through the silicon compound derived from tetraalkoxysilane. 
The lower limit of the geometrical standard deviation is usually 1.01. It is difficult to industrially produce magnetic 

55 particles having a geometrical standard deviation of particle size of less than 1 .01 . 

[0031] The magnetic particles as cor particles used in th present invention have a BET sp cific surface area of 
usually 15 to 150 m£/g, preferably 20 to 120 rnP/g, mor preferably 25 to 100 mP/g. When the BET specific surface 
area value of the magnetic particles is less than 1 5 rvP/g, the magnetic particles may becom too coarse or the sint ring 
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therebetween tends to be caused, resulting in th production of coars magnetic composite particles. When such 
coarse magnetic composite particles are used to form a magnetic recording layer, the obtained coating lay r may be 
deteriorated in surface smoothness. When th BET specific surface area value of the magnetic particles is mor than 
150m 2 /g,th magnetic particles may becom xtr mely fine, so that th agglomeration of th particles tends to occur 
du toth increased int rmolecularforc therebetween. As a r suit, it is difficult to uniformly adh r the inorganic fin 
particles onto the surface of each magnetic particl and evenly fix or anchor the inorganic fine particles thereon through 
the silicon compound derived from tetraalkoxysilane. 

[0032] The magnetic particles as core particles used in the present invention have a volume resistivity value of usually 
not more than 1 .0 X 1 0 9 ft-cm. 

[0033] With respect to magnetic properties of the magnetic particles used in the present invention, (1 ) the acicular 
magnetic iron oxide particles have a coercive force value of preferably 250 to 500 Oe (19.9 to 39.8 kA/m), more pref- 
erably 300 to 500 Oe (23.9 to 39.8 kA/m), and a saturation magnetization value of preferably 60 to 90 emu/g (60 to 90 
Arr^/kg), more preferably 65 to 90 emu/g (65 to 90 Arr^/kg); (2) the cobalt-coated acicular magnetic iron oxide particles 
have a coercive force value of preferably 500 to 1 ,700 Oe (39.8 to 1 35.3 kA/m), more preferably 550 to 1 ,700 Oe (43.8 
to 1 35. 3 kA/m), and a saturation magnetization value of preferably 60 to 90 emu/g (60 to 90 Am 2 /kg), more preferably 
65 to 90 emu/g (65 to 90 Arr^/kg); (3) the acicular magnetic metal particles containing iron as a main component and 
the acicular iron alloy particles have a coercive force value of preferably 800 to 3,500 Oe (63.7 to 278.5 kA/m), more 
preferably 900 to 3,500 Oe (71.6 to 27B.5 kA/m), and a saturation magnetization value of preferably 90 to 170 emu/g 
(90 to 170 Arr^/kg), more preferably 100 to 170 emu/g (100 to 170 ArT^/kg); and (4) the plate-like magnetoplumbite- 
type ferrite particles have a coercive force value of preferably 500 to 4,000 Oe (39.8 to 318.3 kA/rn), more preferably 
650 to 4,000 Oe (51.7 to 318.3 kA/m), and a saturation magnetization value of preferably 40 to 70 emu/g (40 to 70 
Arr#kg), more preferably 45 to 70 emu/g (45 to 70 Am*/kg). 

[0034] The shape and size of the magnetic composite particles according to the present invention varies depending 
upon those of the magnetic particles as core particles, and are analogous thereto. The magnetic composite particles 
of the present invention maintain the substantially same magnetic properties as those of the core particles. 
[0035] Specifically, the magnetic composite particles of the present invention have an average major axial diameter 
of usually 0.01 to 0.3 urn, preferably 0.02 to 0.2 um 

[0036] When the average major axial diameter of the magnetic composite particles according to the present invention 
is more than 0.3 urn, the particle size become large, so that the magnetic recording layer formed by using the magnetic 
composite particles tends to have a deteriorated surface smoothness. When the average major axial diameter of the 
magnetic composite particles is less than 0.01 um, the particles become extremely fine and tend to be agglomerated 
together due to the increased intermolecular force therebetween, resulting in poor dispersibility in vehicle upon the 
production of a magnetic coating composition. 

[0037] The magnetic composite particles obtained by using the acicular magnetic particles as core particles have 
an aspect ratio of usually 2:1 to 15:1, preferably 3:1 to 10:1. 

[0038] When the aspect ratio of the magnetic composite particles is more than 1 5:1 , the particles tend to be entangled 
and intertwined with each other, sometimes resulting in poor dispersibility in vehicle upon the production of a magnetic 
coating composition and increased viscosity of the obtained magnetic coating composition. When the aspect ratio of 
the magnetic composite particles is less than 2:1 , the magnetic recording layer of the magnetic recording medium may 
be deteriorated in strength. 

[0039] The magnetic composite particles obtained by using the plate-like magnetic particles as core particles have 
a plate ratio of usually 2:1 to 20:1 , preferably 3:1 to 15:1 . * 

[0040] When the plate ratio of the plate-like magnetic composite particles is more than 20:1 , the particles tend to 
suffer from stacking, resulting in poor dispersibility in vehicle upon the production of a magnetic coating composition 
and increased viscosity of the obtained magnetic coating composition. When the plate ratio of the plate-like magnetic 
composite particles is less than 2:1 , the magnetic recording layer of the obtained magnetic recording medium may be 
deteriorated in strength. 

[0041] The geometrical standard deviation of particle size of the magnetic composite particles according to the 
present invention is usually not more than 2.0. When the geometrical standard deviation is more than 2.0, a large 
amount of coarse particles may be present in the magnetic composite particles, thereby adversely affecting the surface 
smoothness of the magnetic recording layer formed on the magnetic recording medium. In the consideration of the 
surface smoothness of the obtained magnetic recording layer, the geometrical standard deviation of particle size of 
the magnetic composite particles is preferably not more than 1 .8, more preferably not more than 1.6. Further, in the 
consideration of industrial productivity, the lower limit of the geometrical standard deviation is usually 1 .01 , because it 
is industrially difficult to produce magnetic composite particles having a geometrical standard deviation of particle size 
of less than 1.01. 

[0042] The magnetic composite particles of the present invention have a BET specific surface area of usually 1 6 to 
160 rr^/g, preferably 21 to 130 mZ/g, mor preferably 26 to 110 m*/g. When th BET specific surfac area of th 
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magnetic composite particles is less than 16 rr^/g, the magnetic composite particles become coarse or the sintering 
therebetwe n tends to b caused. The use of such coarse or sintered magnetic compos it particles leads to deterio- 
ration in surface smoothness of the obtained magnetic recording layer. When the BET specific surface area of the 
magnetic com posit particl s is mor than 160 rn^g, the magn tic composit particles become xtremely fine and 
s tend to be agglomerated together du totheincr asedintermolecularforc ther betw en, r suiting in poor disp rsibility 
in vehicle upon the production of a magnetic coating composition. 

[0043] The magnetic composite particles of the present invention have a volume resistivity value of usually not more 
than 1 .0 X 1 0 9 O cm, preferably 1 .0 x 1 0 4 to 5.0 X 1 0 8 G-cm, more preferably 1 .0 X 1 0 4 to 1 .0 X 1 0 8 fl-cm. When 
the volume resistivity value is more than 1.0 X 10 9 Clem, it may be difficult to lower a surface resistivity value of the 

10 magnetic recording medium obtained therefrom. 

[0044] With respect to magnetic properties of the magnetic composite particles of the present invention, the coercive 
force value thereof is usually 250 to 4,000 Oe (1 9.9 to 318.3 kA/m), and the saturation magnetization value thereof is 
usually 60 to 1 70 emu/g (60 to 1 70 Arr^/kg). More specifically, (1 ) the magnetic composite particles obtained by using 
the acicular magnetic iron oxide particles as core particles have a coercive force value of preferably 250 to 500 Oe 

is (19.9 to 39.8 kA/m), more preferably 300 to 500 Oe (23.9 to 39.8 kA/m), and a saturation magnetization value of 
preferably 60 to 90 emu/g (60 to 90 Anr^/kg), more preferably 65 to 90 emu/g (65 to 90 Am?/kg); (2) the magnetic 
composite particles obtained by using the Co-coated acicular magnetic iron oxide particles as core particles have a 
coercive force value of preferably 500 to 1,700 Oe (39.8 to 135.3 kA/m), more preferably 550 to 1,700 Oe (43.8 to 
135.3 kA/m), and a saturation magnetization value of preferably 60 to 90 emu/g (60 to 90 An^/kg), more preferably 

20 65 to 90 emu/g (65 to 90 Anr^/kg); (3) the magnetic composite particles obtained by using the acicular magnetic metal 
particles containing iron as a main component or the acicular iron alby particles as core particles have a coercive force 
value of preferably 800 to 3,500 Oe (63.7 to 278.5 kA/m), more preferably 900 to 3,500 Oe (71 .6 to 278.5 kA/m), and 
a saturation magnetization value of preferably 90 to 170 emu/g (90 to 170 Am?/kg), more preferably 100 to 170 emu/ 
g (100 to 170 Am2/kg); and (4) the magnetic composite particles obtained by using the plate-like magnetoplumbite- 

25 type f errite particles as core particles have a coercive force value of preferably 500 to 4,000 Oe (39.8 to 31 8.3 kAAn), 
more preferably 650 to 4,000 Oe (51.7 to 318.3 kA/m), and a saturation magnetization value of preferably 40 to 70 
emu/g (40 to 70 Arr^/kg), more preferably 45 to 70 emu/g (45 to 70 Arr^/kg). 

[0045] The percentage of the inorganic fine particles desorbed or fallen-off from the magnetic composite particles 
(desorption percentage) is usually not more than 15% by weight, preferably not more than 12% by weight, more pref- 

30 erably not more than 1 0% by weight based on the weight of the inorganic fine particles, when measured by the method 
as defined in Examples bebw. When the desorption percentage is more than 1 5% by weight, the inorganic fine particles 
desorbed tend to inhibit the magnetic composite particles from being uniformly dispersed in vehicle, and the obtained 
magnetic recording medium may fail to show a sufficient durability and magnetic head cleaning property. 
[0046] The inorganic fine particles of the magnetic composite particles are at least one kind of fine particles composed 

35 of at least one inorganic compound selected from the group consisting of oxides, nitrides, carbides and sulfides con- 
taining aluminum element, zirconium element, cerium element, titanium element, silicon element, boron element or 
molybdenum element. 

[0047] As the inorganic fine particles used in the present invention, there may be exemplified (a) oxide fine particles 
such as aluminum oxide fine particles, zirconium oxide fine particles, cerium oxide fine particles, titanium oxide fine 

40 particles, silicon oxide fine particles, molybdenum oxide fine particles or the like; (b) nitride fine particles such as 
aluminum nitride fine particles, titanium nitride fine particles, silicon nitride fine particles, zirconium nitride fine particles, 
molybdenum nitride fine particles, boron nitride fine particles or the like; (c) carbide fine particles such as aluminum 
carbide fine particles, silicon carbide fine particles, zirconium carbide fine particles, cerium carbide fine particles, tita- 
nium carbide fine particles, boron carbide fine particles, molybdenum carbide fine particles or the like; and (d) sulfide 

45 fine particles such as aluminum sulfide fine particles, zirconium sulfide fine particles, titanium sulfide fine particles, 
silicon sulfide fine particles, molybdenum disulfide fine particles or the like. 

[0048] In the consideratbn of the magnetic head cleaning property of the obtained magnetic recording medium, it is 
preferred to use at least one fine particles selected from aluminum oxide fine particles, zirconium oxide fine particles, 
cerium oxide fine particles, aluminum nitride fine particles, titanium nitride fine particles, silicon nitride fine particles, 
50 zirconium nitride fine particles, boron nitride fine particles, silicon carbide fine particles, zirconium carbide fine particles, 
titanium carbide fine particles, boron carbide fine particles, molybdenum carbide fine particles. 
[0049] The inorganic fine particles used in the present invention have an average particle size of usually 0.001 to 
0.07 um, preferably 0.002 to 0.05 urn 

[0050] When the average particle size of the inorganic fine particles is less than 0.001 um, the particles become 
55 extremely fine, resulting in poor workability thereof. When the average particle size of the inorganic fine particles is 
mor than 0.07 u/n, the particle size of the inorganic fine particles is too large as compared to that of th magnetic 
particles as core particles, so that the adhesion of the inorganic fin particles onto the magnetic particles becomes 
insufficient. 
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[0051] TTie amount of the inorganic fine particles adhered onto the magnetic particles is usually 0. 1 to 20% by weight 
based on the weight of the magnetic particles as cor particles. 

[0052] When the amount of th inorganic fine particles adhered is less than 0.1% by weight, it may b difficult to 
obtain magnetic composite particles showing a sufficient polishing effect, due to th too small amount of th inorganic 

s fine particles adhered. On the contrary, when th amount of th inorganic fine particles adhered is mor than 20% by 
weight, the obtained magnetic composite particles may show a sufficient polishing effect. However, since the amount 
of the inorganic fine particles adhered is too large, the inorganic fine particles tend to be desorbed or fallen-off from 
the surface of each magnetic particle, thereby failing to obtain magnetic recording media having an excellent durability 
and magnetic head cleaning property. The amount of the inorganic fine particles adhered onto the magnetic particles 

10 is preferably 0. 1 5 to 1 5% by weight, more preferably 0.2 to 1 0% by weight based on the weight of the magnetic particles 
as core particles. 

[0053] The silicon compound through which the inorganic fine particles are fixed or anchored onto the surface of 
each magnetic particle is produced by heat-treating tetraalkoxysilane represented by the following general formula: 



wherein X represents -OR wherein R is C^-C s alkyl group. 

[0054] Examples of the tetraalkoxysilanes may include tetraethoxysilane, tetramethoxysilane or the like. 
20 [0055] The coating amount of the silicon compound produced from tetraalkoxysilane is usually 0.01 to 5.0% by weight, 
preferably 0.02 to 4.0% by weight, more preferably 0.03 to 3.0% by weight (calculated as Si) based on the weight of 
the magnetic composite particles. 

[0056] When the coating amount of the silicon compound is less than 0.01 % by weight, the inorganic fine particles 
may not be sufficiently fixed or anchored onto the surface of each magnetic particle through the silicon compound 
25 derived therefrom and, therefore, tend to be desorbed therefrom, thereby failing to obtain magnetic recording media 
having an excellent durability and magnetic head cleaning property. 

[0057] When the coating amount of the silicon compound is more than 5.0% by weight, the inorganic fine particles 
may be sufficiently fixed or anchored onto the surface of each magnetic particle. However, the content of the silicon 
compound derived from tetraalkoxysilane as a non-magnetic component is considerably increased, so that magnetic 

30 properties of the obtained magnetic composite particles may be adversely affected. 

[0056] In the magnetic composite particles of the present invention, the magnetic particles as core particles may be 
previously coated with an undercoating material composed of at least one compound selected from the group consisting 
of a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon. The formation of such 
an undercoat is more advantageous to enhance the dispersibility of the magnetic composite particles in vehicle upon 

35 the production of a magnetic coating composition as compared to those having no undercoat. 

[0059] TTie amount of the undercoat is preferably 0.01 to 20% by weight (calculated as Al, SiO^ or a sum of Al and 
Si0 2 ) based on the weight of the magnetic particles coated with the undercoat. 

[0060] When the covering amount of the undercoat is less than 0.01% by weight, it may be difficult to obtain the 
effect of improving a dispersibility in vehicle upon the production of a magnetic coating composition. On the contrary, 
40 when the amount of the undercoat is more than 20% by weight, the effect of improving the dispersibility in vehicle upon 
the production of a magnetic coating composition can be obtained. However, since the effect is already saturated, the 
use of such a too large amount of the undercoat is mean ingless, and rather tends to adversely affect magnetic properties 
of the magnetic particles due to the increase in content of non-magnetic components. 

[0061] The magnetic composite particles having the undercoat may have the substantially same particle size, geo- 
45 metrical standard deviation value, BET specific surface area value, magnetic properties and desorption percentage of 
inorganic fine particles as those having no undercoat. 

[0062] Next, the magnetic recording medium according to the present invention will be described. 
[0063] The magnetic recording medium according to the present invention comprises a non-magnetic substrate, and 
a magnetic recording layer which is formed on the non-magnetic substrate and comprising the magnetic composite 
50 particles and a binder resin. 

[0064] As the non-magnetic substrate, there may be used those ordinarily used for magnetic recording media. Ex- 
amples of the non-magnetic substrates may include films of synthetic resins such as polyethylene terephthalate, pol- 
yethylene, polypropylene, polycarbonates, polyethylene naphthalate, polyamides, polyamideimides and pofyimides; 
foils or plates of metals such as aluminum and stainless steel; or various kinds of papers. The thickness of the non- 
55 magnetic substrate varies depending upon materials used, and is usually 1 .0 to 300 urn, preferably 2.0 to 200 urn. 
[0065] As the non-magn tic substrat for magnetic discs, , ther may be generally used a polyethylene terephthalate 
film having a thickness of usually 50 to 300 u/n, preferably 60 to 200 urn As the non-magnetic substrate for magnetic 
tapes, there may b used a polyethylen terephthalat film having a thickness of usually 3 to 100 um, preferably 4 to 
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20 pm, a polyethylene naphthalate film having a thickness of usually 3 to 50 urn, preferably 4 to 20 pm, or a polyamide 
film having a thickness of usually 2 to 10 pm, preferably 3 to 7 pm. 

[0066] As the binder r sins, there may also be used those presently ordinarily used for the production of magnetic 
recording media. Examples of th binder r sins may includ vinyl chloride-vinyl ac tate copolymer resins, ur than 
s resins, vinyl chlorid -vinyl acetat -maleic acid copolymer resins, urethane lastomers, butadiene-acrylonitrile copoly- 
mer resins, polyvinyl butyral, cellulose derivatives such as nitrocellulose, polyester resins, synthetic rubber-based res- 
ins such as polybutadiene, epoxy resins, polyamide resins, polyisocyanates, electron beam-curable acrylic urethane 
resins, or mixtures thereof. 

[0067] The respective binder resins may contain a functional group such as -OH, -COOH, -SO^M, -OP0 2 M 2 and 
10 -NH 2 wherein M represents H, Na or K. In the consideration of the dispersibility of the magnetic composite particles in 
vehicle upon the production of a magnetic coating composition, the use of such binder resins containing -COOH or 
-S0 3 M as a functional group is preferred. 

[0068] The thickness of the magnetic recording layer formed on the non-magnetic substrate is usually 0.01 to 5.0 
pm. If the thickness is less than 0.01 pm, uniform coating may be difficult, so that unfavorable phenomenon such as 
is unevenness on the coating surface may be observed. On the contrary, when the thickness of the magnetic recording 
layer is more than 5.0 pm, it may be difficult to obtain desired electromagnetic performance due to an influence of 
diamagnetism. The thickness of the magnetic recording layer is preferably 0.05 to 4.0 pm 

[0069] The amount of the magnetic composite particles in the magnetic recording layer is usually 5 to 2,000 parts 
by weight, preferably 100 to 1 ,000 parts by weight based on 1 00 parts by weight of the binder resin. 

20 [0070] When the amount of the magnetic composite particles is less than 5 parts by weight, the magnetic composite 
particles may not be continuously dispersed in a coating layer due to the too small content in a magnetic coating 
composition, resulting in insufficient surface smoothness and strength of the obtained coating layer. When the amount 
of the magnetic composite particles is more than 2,000 parts by weight, the magnetic composite particles may not be 
uniformly dispersed in the magnetic coating composition due to the too large content as compared to that of the binder 

2s resin. As a result, when such a magnetic coating composition is coated onto the substrate, it is difficult to obtain a 
coating film having a sufficient surface smoothness. Further, since the magnetic composite particles cannot be suffi- 
ciently bonded together by the binder resin, the obtained coating film becomes brittle. 

[0071] The magnetic recording layer may further contain various additives used in ordinary magnetic recording media 
such as lubricants, abrasives and anti-static agents in an amount of 0.1 to 50 parts by weight based on 100 parts by 

30 weight of the binder resin. 

[0072] The magnetic recording medium of the present invention has a coercive force value of usually 250 to 4,000 
Oe (1 9.9 to 31 8.3 kA/m), preferably 300 to 4,000 Oe (23.9 to 31 8.3 kA/m), a squareness (residual magnetic flux density 
Br/saturation magnetic flux density Bm) of usually 0.82 to 0.95, preferably 0.83 to 0.95; a gloss of coating film of usually 
165 to 300%, preferably 170 to 300%; a surface roughness Ra of coating film of usually not more than 12.0 nm, 

35 preferably 2.0 to 1 1 .5 nm, more preferably 2.0 to 1 1 .0 nm; a Young's modulus of usually 1 24 to 1 60, preferably 1 26 to 
1 60; a surface resistivity value of usually not more than 1 .0 X 1 0 10 Q/cm 2 preferably not more than 9.0 X 1 0 9 a/cm 2 , 
more preferably not more than 8.0 X 10 9 n/cm 2 ; a running durability of usually not less than 22 minutes, preferably 
not less than 24 minutes; and a magnetic head cleaning property of B or A, preferably A when evaluated by the four- 
rank evaluation method as described below. 

40 [0073] When the magnetic recording medium is produced by using the magnetic composite particles having the 
undercoat on the surface of each magnetic particle as a core particle, the coercive force value thereof is usually 250 
to 4,000 Oe (1 9.9 to 318.3 kA/m), preferably 300 to 4,000 Oe (23.9 to 318.3 kA/m); the squareness (residual magnetic 
flux density Br/saturation magnetic flux density Bm) thereof is usually 0.82 to 0.95, preferably 0.83 to 0.95; the gloss 
of coating film thereof is usually 1 70 to 300%, preferably 175 to 300%; the surface roughness Ra of coating film thereof 

45 is usually not more than 11.0 nm, preferably 2.0 to 10.5 nm, more preferably 2.0 to 10.0 nm; the Young's modulus 
thereof is usually 126 to 160, preferably 128 to 160; the surface resistivity value thereof is usually not more than 1.0 
X 1 0 1 0 Q/cm 2 , preferably not more than 9.0 X 1 0 9 n/cm 2 more preferably not more than 8.0 X 1 0 9 ft/cm 2 ; the running 
durability thereof is usually not less than 23 minutes, preferably not less than 25 minutes; and the magnetic head 
cleaning property thereof is B or A, preferably A when evaluated by the four-rank evaluation method as described below. 

50 [0074] In the consideration of high-density recording, the magnetic recording medium produced by using the mag- 
netic composite particles comprising the acicular magnetic metal particles containing iron as a main component as 
core particles, has a coercive force value of usually 800 to 3,500 Oe (63.7 to 278.5 kA/m), preferably 900 to 3,500 Oe 
(71 .6 to 278.5 kA/m), a squareness (residual magnetic flux density Br/saturation magnetic flux density Bm) of usually 
0.85 to 0.95, preferably 0.86 to 0.95; a gloss of coating film of usually 1 90 to 300%, preferably 1 95 to 300%; a surface 

55 roughness Ra of coating film of usually not more than 10.0 nm, preferably 2.0 to 9.5 nm, more preferably 2.0 to 9.0 
nm; a Young's modulus of usually 126 to 160, preferably 128 to 160; a surfac r sistrvity valu of usually not mor 
than 1.0 X 10 10 fi/cm 2 , preferably not more than 9.0 X 10 9 fl/cm 2 , mor preferably not more than 8.0 X 10 9 O/cm 2 ; 
a running durability of usually not less than 24 minutes, preferably not less than 26 minutes; and a magnetic head 
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cleaning property of B or A, preferably A when evaluated by the four-rank evaluation method as described below. 
[0075] The magnetic recording medium produced by using the magnetic composite particles comprising th acicular 
magnetic metal particles containing iron as a main component as core particles which have the undercoat formed on 
th surface of ach core part id , has a coercive fore value of usually 800 to 3,500 0 (63.7 to 278.5 kA/m), pr f rably 

s 900 to 3,500 O (71 .6 to 278.5 kA/m), a squareness (residual magnetic flux density Br/saturation magnetic flux density 
Bm) of usually 0.85 to 0.95, preferably 0.86 to 0.95; a gloss of coating film of usually 195 to 300%, preferably 200 to 
300%; a surface roughness Ra of coating film of usually not more than 9.5 nm, preferably 2.0 to 9.0 nm, more preferably 
2.0 to 8.5 nm; a Young's modulus of usually 1 28 to 1 60, preferably 1 30 to 1 60; a surface resistivity value of usually not 
more than 1 .0 X 10 10 fi/cm 2 , preferably not more than 9.0 X 10 9 O/cm 2 , more preferably not more than 8.0 X 10 9 Q/ 

10 cm 2 ; a running durability of usually not less than 25 minutes, preferably not less than 27 minutes; and a magnetic head 
cleaning property of B or A, preferably A when evaluated by the four-rank evaluation method as described below 
[0076] Next, the process for producing the magnetic composite particles of the present invention will now be de- 
scribed. 

[0077] The magnetic composite particles of the present invention can be produced by adhering the inorganic fine 
is particles onto the surface of each magnetic particle as a core particle, adding tetraalkoxysilane to the magnetic particles 
on which the inorganic fine particles are adhered, and then heat-treating the resultant mixture. 
[0078] The inorganic fine particles may be adhered onto the surface of each magnetic particle as a core particle by 
the following method. That is, the magnetic particles may be mechanically mixed and stirred with the inorganic fine 
particles composed of at least one inorganic compound selected from the group consisting of oxides, nitrides, carbides 
20 and sulfides containing aluminum element, zirconium element, cerium element, titanium element, silicon element, boron 
element or molybdenum element, or with an aqueous or alcoholic colloid solution containing the inorganic fine particles, 
and then the resultant mixture is dried. In the consideration of uniform adhesion of the inorganic fine particles onto the 
surface of each magnetic particle as a core particle, the mixing and stirring with the colloid solution containing the 
inorganic fine particles are preferred. 
25 [0079] As the inorganic fine particles, there may be used either synthesized products or commercially available 
products. 

[0080] As the colloid solution containing the inorganic fine particles, there may be exemplified a colloid solution 
containing fine particles composed of at least one inorganic compound selected from the group consisting of oxides, 
nitrides, carbides and sulfides containing aluminum element, zirconium element, cerium element, titanium element, 
30 silicon element, boron element or molybdenum element. For example, there may be exemplified a colloid solution 
containing aluminum oxide, zirconium oxide, cerium dioxide, titanium dioxide, silicon dioxide, aluminum nitride, silicon 
carbide and molybdenum disulfide. 

[0081] As the colloid solution containing aluminum oxide fine particles, there may be used an alumina sol (produced 
by Nissan Kagaku Kogyo Co., Ltd.) or the like. 
35 [0082] As the colloid solution containing zirconium oxide fine particles, there may be used NZS-20A, NZS-30A or 
NZS-30B (tradenames all produced by Nissan Kagaku Kogyo Co., Ltd.) or the like. 

[0083] As the colloid solution containing cerium oxide fine particles, there may be used a ceria sol (produced by 
Nissan Kagaku Kogyo Co., Ltd.) or the like. 

[0084] As the colloid solution containing titanium oxide fine particles, there may be used STS-01 or STS-02 (trade- 
40 names both produced by Ishihara Sangyo Co., Ltd.) or the like. 

[0085] As the colloid solution containing silicon oxide fine particles, there may be used SNOWTEX-XS, SNOWTEX- 
S, SNOWTEX-UP, SNOWTEX-20, SNOWTEX-30, SNOWTEX-40, SNOWTEX-C, SNOWTEX-N, SNOWTEX-O, 
SNOWTEX-SS, SNOWTEX-20L or SNOWTEXOL (tradenames, all produced by Nissan Kagaku Kogyo, Co., Ltd.) or 
the like. 

45 [0086] The amount of the inorganic fine particles which are mechanically mixed and stirred therewith or the inorganic 
fine particles contained in the colloid solution is preferably 0. 1 to 20 parts by weight (calculated as oxide, nitride, carbide 
or sulfide) based on 100 parts by weight of the magnetic particles as core particles. When the amount of the inorganic 
fine particles is less than 0. 1 part by weight, the amount of the inorganic fine particles adhered onto the surface of each 
magnetic particle may be insufficient, so that the obtained magnetic composite particles may not show a sufficient 

50 polishing effect. When the amount of the inorganic fine particles is more than 20 parts by weight, the obtained magnetic 
composite particles exhibit a sufficient polishing effect. However, since the amount of the inorganic fine particles ad- 
hered onto the surface of each magnetic particle is too large, the inorganic fine particles tend to be desorbed or f alien- 
off from the surfaces of the magnetic particles, thereby failing to produce a magnetic recording medium having excellent 
durability and magnetic head cleaning property. 

55 [0087] In order to uniformly adhere the inorganic fine particles onto the surface of each magnetic particle as a core 
particl , it is pr ferr d that aggregated magnetic particles be previously deaggregated using a pulverizer. 
[0088] As apparatus (a) for mixing and stirring th core particles with the inorganic fine particles to adher onto the 
surface of each magn tic particl s as cor particles, and (b) for mixing and stirring tetraalkoxysilan withth particles 
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whose the inorganic fine particles are adhered on the r spective surfac s, there may be preferably used thos appa- 
ratus capabl of applying a shear fore to the particles, mor preferably thos apparatuses capabl of conducting the 
application of shear force, spaturate fore and compressed force at the same tim . 

[0089] As such apparatuses, ther may b ex mplified wheel-typ knead rs, ball-type kneaders, blad -typ knead- 
s ers, roll-typ kneaders or th lik . Among them, wheel-typ kneaders ar pr f rred. 

[0090] Specific examples of the wheel-type kneaders may include an edge runn r (equal to a mix muller, a Simpson 
mill or a sand mill), a multi-mull, a Stotz mill, a wet pan mill, a Conner mill, a ring muller, or the like. Among them, an 
edge runner, a multi-mull, a Stotz mill, a wet pan mill and a ring muller are preferred, and an edge runner is more 
preferred. 

10 [0091] Specific examples of the ball-type kneaders may include a vibrating mill or the like. Specific examples of the 
blade-type kneaders may include a Henschel mixer, a planetary mixer, a Nawter mixer or the like. Specific examples 
of the roll-type kneaders may include an extruder or the like. 

[0092] After adhering the inorganic fine particles onto the surface of each magnetic particle as a core particle, 
tetraalkoxysilane is mixed and stirred therewith, and the resultant mixture is then heat-treated so as to fix or anchor 
is the inorganic fine particles onto the magnetic particles through a silicon compound derived (produced) from the 
tetraalkoxysilane. 

[0093] The conditions of the above mixing or stirring treatment may be appropriately controlled such that the linear 
load is usually 2 to 200 Kg/cm (19.6 to 1960 N/cm), preferably 10 to 150 Kg/cm (98 to 1470 N/cm), more preferably 
15 to 100 Kg/cm (147 to 960 N/cm); and the treating time is usually 5 to 120 minutes, preferably 10 to 90 minutes. It 
20 js preferred to appropriately adjust the stirring speed in the range of usually 2 to 2,000 rpm, preferably 5 to 1 ,000 rpm, 
more preferably 10 to 800 rpm. 

[0094] The amount of tetraalkoxysilane adhered is preferably 0.05 to 70 parts by weight based on 1 00 parts by weight 
of the magnetic particles as core particles. When the amount of tetraalkoxysilane adhered is less than 0.05 part by 
weight, it may be difficult to fix or anchor the inorganic fine particles onto the surface of each magnetic particle in an 
25 amount sufficient to exhibit a good polishing effect and improve a durability, upon subsequent heat-treatment of 
tetraalkoxysilane. When the amount of tetraalkoxysilane coated is more than 70 parts by weight, it is possible to fix or 
anchor a sufficient amount of the inorganic fine particles onto the surface of each magnetic particle. However, since 
the fixing or anchoring effect is already saturated, the use of such a too large coating amount of tetraalkoxysilane is 
meaningless. 

30 [0095] The temperature of the heat-treatment of tetraalkoxysilane is usually 40 to 200°C, preferably 60 to 150°C. 
The heat-treating time is preferably from 10 minutes to 36 hours, more preferably from 30 minutes to 24 hours. Thus, 
when being heat-treated under the above conditions, tetraalkoxysilane is converted into a suitable silicon compound. 
[0096] Meanwhile, when the readily oxidizable particles such as magnetite particles, acicular magnetic metal particles 
containing iron as a main component and acicular magnetic iron alloy particles are used as core particles, the mixer 

35 or stirrer is preferably purged with an inert gas such as Ng before each treatment in order to prevent deterioration in 
magnetic properties thereof due to oxidation. 

[0097] In particular, when the acicular magnetic metal particles containing iron as a main component or acicular 
magnetic iron alloy particles are heat-treated, a drier therefor is preferably purged with an inert gas such as N 2 before 
conducting the heat-treatment. Alternatively, the heat-treatment may be conducted under reduced pressure using a 
40 vacuum drier. 

[0098] The magnetic particles as core particles may be previously coated with an undercoating material composed 
of at least one compound selected from the group consisting of a hydroxide of aluminum, an oxide of aluminum, a 
hydroxide of silicon and an oxide of silicon, prior to adhering the inorganic fine particles thereonto. 
[0099] The formation of the undercoat may be conducted by adding an aluminum compound, a silicon compound or 

45 both aluminum and silicon compounds capable of forming the undercoat, to a water suspension prepared by dispersing 
the magnetic particles in water, mixing and stirring the resultant mixture, and further property adjusting the pH value 
of the obtained mixture, if required, thereby coating the surface of each magnetic particle with at least one compound 
selected from the group consisting of a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an 
oxide of silicon. The thus obtained mixture is filtered, washed with water, dried and then pulverized. If required, the 

50 obtained particles may be further subjected to deaeration, compaction or other treatments. 

[0100] As the aluminum compounds used for forming the undercoat, there may be exemplified aluminum salts such 
as aluminum acetate, aluminum sulfate, aluminum chloride and aluminum nitrate; alkali aluminates such as sodium 
aluminate; or the like. 

[0101] The amount of the aluminum compound added is usually 0.01 to 20% by weight (calculated as Al) based on 
55 the weight of the magnetic particles as core particles. When the amount of the aluminum compound added is less than 
0.01% by weight, it may b difficult to obtain the effect of improving the dispersibilrty in vehicle upon the production of 
a magnetic coating composition. When the amount of the aluminum compound added is more than 20% by weight, 
th effect of improving the dispersibility in vehicle upon th production of a magnetic coating composition can b ob- 
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tained. However, sine the dispersibility-improving effect is already saturated, It is meaningless to coat the magnetic 
particles with such a too larg amount of th aluminum compound. 

[0102] As the silicon compound used for forming the undercoat, th re may be exemplified water glass #3, sodium 
rthosilicat , sodium metasilicate or th like. 

s [0103] The amount of the silicon compound added is usually 0.01 1 20% by w ight (calculated as SiOfe) based on 
the weight of the magnetic particles as cor particles. When the amount of the silicon compound added is less than 
0.01% by weight, it may be difficult to obtain the effect of improving the dispersibility in vehicle upon the production of 
a magnetic coating composition. When the amount of the silicon compound added is more than 20% by weight, the 
effect of improving the dispersibility in vehicle upon the production of a magnetic coating composition can be obtained. 

10 However, since the dispersibility-improving effect is already saturated, it is meaningless to coat the magnetic particles 
with such a too large amount of the silicon compound. 

[0104] In the case where the aluminum and silicon compounds are used in combination, the total amount of the 
aluminum and silicon compounds coated is usually 0.01 to 20% by weight (calculated as a sum of Al and SrO^) based 
on the weight of the magnetic particles as core particles. 
is [0105] Next, the process for producing the magnetic recording medium according to the present invention will be 
described. 

[0106] The magnetic recording medium according to the present invention can be produced by applying a magnetic 
coating composition comprising the magnetic composite particles of the present invention, binder resin and solvent 
onto a non-magnetic substrate to form a coating film, and then drying the coating film to form a magnetic recording layer. 
20 [0107] As the solvent, there may be used those generally used for the production of ordinary magnetic recording 
media. Examples of the solvents may include methyl ethyl ketone, toluene, cyclohexane, methyl isobutyl ketone, tet- 
rahydrofuran or mixtures thereof. 

[0108] The amount of the solvent or solvents used is 65 to 1,000 parts by weight in total based on 100 parts by 
weight of the magnetic composite particles. When the amount of the solvent used is less than 65 parts by weight, the 
25 obtained magnetic coating composition may exhibit a too high viscosity, resulting in poor coatability thereof. When the 
amount of the solvent used is more than 1 ,000 parts by weight, a too large amount of the solvent may be volatilized 
upon coating which is disadvantageous from industrial viewpoints. 

[0109] The important point of the present invention is that when magnetic composite particles obtained by adhering 
inorganic fine particles of at least one inorganic compound selected from the group consisting of oxides, nitrides, 

30 carbides and sulfides containing aluminum element, zirconium element, cerium element, titanium element, silicon el- 
ement, boron element or molybdenum element, onto the surface of each magnetic particle as a core particle, and firmly 
fixing or anchoring the inorganic fine particles thereonto through a silicon compound derived (produced) from tetraal kox- 
ysilane are used for the production of a magnetic recording medium, the obtained magnetic recording medium exhibits 
excellent durability and magnetic head cleaning property. 

35 [0110] The reason why a magnetic recording medium produced by using the magnetic composite particles of the 
present invention is excellent in durability and magnetic head cleaning property, is as fol tow. That is, since the inorganic 
fine particles such as oxide fine particles, nitride fine particles or carbide fine particles having high rvtohs' hardness, or 
sulfide fine particles as a solid lubricant, not only are adhered onto the surface of each magnetic particle as core 
particles, but also are firmly fixed or anchored thereonto through the silicon compound derived from tetraalkoxysilane, 

40 the obtained magnetic composite particles maintain a high polishing property and the inorganic fine particles are more 
effectively prevented from being desorbed or f alien-off from the surface of each magnetic particle. 
[0111] Meanwhile, the reason why the inorganic fine particles are firmly fixed or anchored onto the surface of each 
magnetic particle, is considered as follows. That is, it is known that tetraalkoxysilane is readily hydrolyzed in the pres- 
ence of water to produce silicon dioxide. In the present invention, the tetraalkoxysilane adhered is hydrolyzed by the 

45 interaction with a hydroxyl group derived from water absorbed on the surface of each magnetic particle and a hydroxyl 
group derived from water absorbed on the surfaces of the inorganic fine particles adhered onto the surface of each 
magnetic particle. Further, when the obtained particles are subjected to heat-dehydration, the inorganic fine particles 
are firmly fixed or anchored on the surface of each magnetic particle by the anchoring effect of the silicon compound 
derived from tetraalkoxysilane. 

50 [0112] When the magnetic composite particles of the present invention are used as magnetic particles for magnetic 
recording media, the obtained magnetic recording media exhibit excellent durability and magnetic head cleaning prop- 
erty. Therefore, the magnetic composite particles of the present invention are suitable as magnetic particles for high- 
density magnetic recording media. 

[0113] The magnetic recording medium of the present invention exhibits not only excellent durability and magnetic 
55 head cleaning property, but also a high filling percentage of magnetic particles in a magnetic recording layer thereof 
due to a reduced content of abrasives, and as a result, the magnetic recording medium of the present invention has a 
high electromagnetic performance. Therefore, the magnetic recording medium of the present invention is suitabl for 
high-density recording. 
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EXAMPLES 

[0114] The present invention is described in more detail by Examples and Comparative Examples, but the Examples 
are only illustrative and, ther fore, not intended to limit the scope of the present invention. 
[0115] Various properties were measured by th following methods. 

(1 ) The average major axial diameter and average minor axial diameter of particles are respectively expressed by 
the average value obtained by measuring about 350 particles which were sampled from a micrograph obtained 
by magnifying an original electron micrograph (X 30,000) by four times in each of longitudinal and transverse 
directions. 

(2) The aspect ratio is expressed by the ratio of average major axial diameter to average minor axial diameter. 
The plate ratio is expressed by the ratio of average particle size to average thickness. 

(3) The particle size distribution of major axial diameters or particle sizes (hereinafter referred to merely as "particle 
size 1 ) is expressed by the geometrical standard deviation thereof obtained by the following method. 

That is, the particle sizes were measured from the above magnified electron micrograph. The actual particle 
sizes and the number of the particles were calculated from the measured values. On a logarithmic normal probability 
paper, the particle sizes were plotted at regular intervals on the abscissa-axis and the accumulative number (under 
integration sieve) of particles belonging to each interval of the particle sizes were plotted by percentage on the 
ordinate-axis by a statistical technique. 

The particle sizes corresponding to the number of particles of 50% and 84. 1 3%, respectively were read from 
the graph, and the geometrical standard deviation was calculated from the following formula: 

Geometrical standard deviation = 
{particle size corresponding to 84.13% under 
integration sieve}/{particle size (geometrical 
average diameter) corresponding to 50% under 
integration sieve} 

The closer to 1 the geometrical standard deviation value, the more excellent the particle size distribution. 

(4) The specific surface area is expressed by the value measured by a BET method. 

(5) The amounts of Al, Si and Co of the coating layer formed onto the surface of each magnetic particle, the 
amounts of Al, Zr, Ce, Ti, Si, B and Mo of inorganic fine particles existing on the surface of each magnetic particle, 
and the amount of Si of a silicon compound derived from tetraalkoxysilane were respectively measured by a flu- 
orescent X-ray spectroscopy device "3063M Model" (manufactured by Rigaku Denki Kogyo Co., Ltd.) according 
to JIS K011 9 "General Rule of Fluorescent X-ray Analysis'. 

The amount of Si of an oxide of silicon or a hydroxide of silicon coated or existing on the surface of each 
magnetic particle, the amount of Si of silicon oxide fine particles, and the amount of Si of a silicon compound 
derived from tetraalkoxysilane, are expressed by a value obtained by subtracting the amount of Si measured before 
each treatment from that measured after the treatment. The amount of Al of a hydroxide of aluminum or an oxide 
of aluminum coated or existing on the surface of each magnetic particle and the amount of Al of aluminum oxide 
fine particles, are expressed by a value obtained by the same method as used in the above measurement of Si. 

(6) The desorption percentage (%) of inorganic fine particles adhered onto the magnetic composite particles is 
expressed by a value measured using the following method. The closer to zero the desorption percentage, the 
smaller the amount of the inorganic fine particles desorbed or fallen-off from the surface of each magnetic com- 
posite particle. 

3 g of the magnetic composite particles and 40 ml of ethanol were placed in a 50ml-precipitation pipe, and 
then subjected to ultrasonic dispersion for 20 minutes. Thereafter, the obtained dispersion was allowed to stand 
for 120 minutes, and the inorganic fine particles desorbed were separated from the magnetic composite particles 
by the difference in precipitation speed between both the particles. Next, the magnetic composite particles sepa- 
rated from the inorganic fine particles desorbed were mixed again with 40 ml of ethanol, and the obtained mixture 
was subjected to ultrasonic dispersion for 20 minutes. Th n, the obtained dispersion was allowed to stand for 1 20 
minutes, ther by separating the magnetic composit particles and the desorbed fined particles from each other. 
After the thus obtained magnetic composite particles were dried at 80°C for one hour, the contents of Al, Zr, C , 



12 



EP 1 063 639 A1 



Ti Si, B and Mo therein were measured by a fluorescent X-ray spectroscopy device "3063M Model" (manufactured 
by Rigaku Denki Kogyo Co., Ltd.) according to JIS K0119 "G neral Rule of Fluorescent X-ray Analysis". Th 
desorptton percentage of the inorganic fine particles is calculated according to the following formula: 

Desorptbn percentage of 
inorganic fine particles (%) = {(Wa - We)/Wa} x 100 

wherein Wa represents an amount of the inorganic fine particles initially adhered onto the magnetic composite 
particles; and We represents an amount of the inorganic fine particles still adhered on the magnetic composite 
particles after the desorption test. 

(7) The content of Fe 2+ in magnetite particles is expressed by the value measured by the following chemical 
analysis method. 

25 ml of a mixed solution containing phosphoric acid and sulfuric acid at a mixing ratio of 2:1 was added to 
0.5 g of magnetite particles in an inert gas atmosphere to dissolve the magnetite particles in the mixed solution. 
After adding several droplets of diphenylamine sulfonic acid as an indicator to the solution, the resultant solution 
was subjected to oxidation-reduction titration using an aqueous potassium bichromate solution. The titration was 
terminated when the solution exhibited a violet color. The amount of Fe 2 * was measured from the amount of the 
potassium bichromate solution used until reaching termination of the titration. 

(8) The volume resistivity of the magnetic particles and the magnetic composite particles was measured by the 
following method. 

That is, first, 0.5 g of a sample particles to be measured was weighted, and press-molded at 140 Kg/cm 2 (1 .37 
X 1 0 7 Pa) using a KBr tablet machine (manufactured by Simazu Seisakusho Co. , Ltd. ), thereby forming a cylindrical 
test piece. 

Next, the thus obtained cylindrical test piece was exposed to an atmosphere maintained at a temperature of 
25°C and a relative humidity of 60 % for 12 hours. Thereafter, the cylindrical test piece was set between stainless 
steel electrodes, and a voltage of 15V was applied between the electrodes using a Wheatstone bridge (model 
4329A, manufactured by Yokogawa-Hokushin Denki Co., Ltd.) to measure a resistance value R (Q). 

The cylindrical test piece was measured with respect to an upper surface area A (cm 2 ) and a thickness to (cm) 
thereof. The measured values were inserted into the following formula, thereby obtaining a volume resistivity X 
(ft-cm). 

X (Q-cm) = R X (AA 0 ) 

(9) The magnetic properties of magnetic particles were measured using a vibration sample magnetometer " VSM- 
3S-15" (manufactured by Toei Kogyo Co., Ltd.) by applying an external magnetic field of 10 kOe (795.8 kA/m) (or 
5 kOe (397.9 kA/m) in the case of magnetic iron oxide particles). Also, the magnetic properties of magnetic re- 
cording medium were measured using the same apparatus by applying an external magnetic field of 1 0 kOe (795.8 
kA/m) (or 5 kOe (397.9 kA/m) in the case where magnetic iron oxide particles or Co-coated magnetic iron oxide 
particles were used as core particles of magnetic composite particles). 

(1 0) The viscosity of a magnetic coating composition was measured at 25°C by E-type viscometer "EMD-R" (man- 
ufactured by Tokyo Keiki Co., Ltd.), and expressed by the value at a shear rate (D) of 1 .92 seer 1 . 

(11) The gloss of a coating film was measured by irradiating light thereon at an incident angle of 45° using a gloss 
meter "UGV-5D" (manufactured by Suga Testing Machine Manufacturing Co., Ltd.), and expressed by the per- 
centage (%) based on a reference plate assuming that the gloss of the reference plate measured under the same 
conditions is 86.3%. 

(12) The surface roughness Ra of a coating film is expressed by a center line average roughness value thereof 
measured by "Surfcom-575A" (manufactured by Tokyo Seimitsu Co., Ltd.). 

(13) The running durability of a magnetic recording medium is expressed by an actual operating time measured 
under a load of 200 gw (1 .96 N) at a relative speed between head and tape of 1 6 m/s by a Media Durability Tester 
"MDT-3000" (manufactured by Steinberg Associates Corp.). The longer the actual operating time, the more ex- 
cellent the running durability. 

(14) The magnetic head cleaning property of a magnetic recording medium was determined by visually observing 
the degr e of contamination on the magnetic head after the magn tic tape was run under a load of 200 gw (1 .96 
N) at a relativ speed between head and tape of 1 6 m/s for 30 minutes. Th results of the observation was classified 
into th following four ranks. The less th contamination on the magn tic head, th higher the magnetic head 
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cleaning property. 

A: No contamination on head; 
B: Slight contamination on head; 
s C: Some contamination on h ad; and 

D: Considerable contamination on head. 

(1 5) The strength of a coating film was determined by measuring the Young's modulus thereof using 'Autograph' 
(manufactured by Shimadzu Seisakusho Co., Ltd.). The Young's modulus is expressed by a relative value based 

10 on that of a commercially available video tape "AV T-120* (produced by Victor Company of Japan, Limited). The 

larger the relative value, the higher the strength of the coating film. 

(16) The surface resistivity of the coating film of the magnetic recording layer was measured by the following 
method. That is, the coating film to be measured was exposed to the environment maintained at a temperature of 
25°C and a relative humidity of 60 %, for not less than 12 hours. Thereafter, the coating film was slit into 6 mm 

15 width, and the slit coating film was placed on two metal electrodes having a width of 6.5 mm such that a coating 

surface thereof was contacted with the electrodes. 170-gram weights were respectively suspended at opposite 
ends of the coating film so as to bring the coating film into close contact with the electrodes. D.C. 500 V was applied 
between the electrodes, thereby measuring the surface resistivity of the coating film. 

(17) The thicknesses of non-magnetic substrate and magnetic recording layer of a magnetic recording medium 
20 were measured by the following method. 

[0116] The thickness (A) of the non-magnetic substrate was first measured by a digital electron micrometer "K351C" 
(manufactured by Anritsu Denki Co., Ltd.). After forming a magnetic recording layer on the non-magnetic substrate, a 
thickness (B) of the thus obtained magnetic recording medium (a total thickness of the non-magnetic substrate and 
2S the magnetic recording layer) was measured by the same method as used above. Then, the thickness of the magnetic 
recording layer is obtained by subtracting (A) from (B). 

Example 1 : 

30 <Production of magnetic composite particles> 

[0117] 11 .0 kg of acicular magnetic metal particles containing iron as a main component (average major axial diam- 
eter: 0.130 urn; average minor axial diameter: 0.0186 urn; aspect ratio: 7.0:1; geometrical standard deviation: 1.38; 
BET specific surface area: 51 .8 rr^/g; volume resistivity value : 7.2 X 1 0 s Qcm; coercive force value: 1 , 71 0 Oe (1 36. 1 
35 kA/m); saturation magnetization value: 1 35.6 emu/g (1 35.6 Am?/kg)) were charged into an edge runner "MPUV-2 Mod- 
el" (manufactured by Matsumoto Chuzo Tekkosho Co., Ltd.). While introducing a nitrogen gas through the edge runner, 
the particles were mixed and stirred at a linear load of 20 Kg/cm (196 N/cm) for 20 minutes to lightly deaggregate the 
particles. 

[0118] Then, 1 ,100 g of a ceria sol containing cerium oxide fine particles having an average particle size of 0.01 u/n 
40 (Ce0 2 content: 20% by weight; produced by Nissan Kagaku Kogyo Co., Ltd.) was added to the deaggregated acicular 
magnetic metal particles containing iron as a main component while operating the edge runner, and the resultant 
mixture was continuously mixed and stirred at a linear load of 20 Kg/cm (196 N/cm) and a stirring speed of 22 rpm for 
20 minutes to adhere the cerium oxide fine particles onto the surface of each acicular magnetic metal particle. As a 
result of fluorescent X-ray analysis of the thus obtained acicular magnetic metal particles, it was confirmed that the 
45 content of the cerium oxide fine particles was 1 .92% by weight (calculated as CeCfe) based on the total weight of the 
acicular magnetic metal particles containing iron as a main component and the cerium oxide fine particles adhered 
thereon. 

[0119] Further, as a result of the observation by an electron microscope, it was confirmed that no cerium oxide fine 
particles were present in an isolated state. This indicates that a substantially whole amount of the cerium oxide fine 
so particles added were adhered on the surface of each acicular magnetic metal particle containing iron as a main com- 
ponent. 

[0120] Next, 110 g of tetraethoxysilane "KBE 04" (tradename, produced by Shin-Etsu Kagaku Co., Ltd.) was added 
to the obtained particles for 10 minutes while operating the edge runner, and the resultant mixture was mixed and 
stirred therein at a linear load of 20 Kg/cm (1 96 N/cm) and a stirring speed of 22 rpm for 20 minutes, thereby adhering 
55 tetraethoxysilane on the surface of each acicular magnetic metal particle containing iron as a main component on 
which the cerium oxide fine particl swer adh red. 

[0121] The thus obtained acicular magnetic metal particles containing iron as a main component w r heat-treated 
at 40°C under a pressure of 10 Torr (1333.22 Pa) for 24 hours using a vacuum drier, thereby fixing or anchoring the 
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cerium oxide fine particles onto the surface of each acicular magnetic metal particle containing iron as a main compo- 
n nt through a silicon compound produced from tetraethoxysilan , and simultaneously volatilizing residual thanoland 
water produced by hydrolysis of tetraethoxysilane or the like. As a result of observation of the thus obtained acicular 
magnetic metal composite particles containing iron as a main component by an lectron microscope, it was confirmed 
that no c rium oxide fin particles remained isolated after th fixing or anchoring tr atment with th silicon compound 
produced from tetraethoxysilane. This indicates that a substantially whole amount of the cerium oxide fine particles 
added were fixed or anchored on the surface of each acicular magnetic metal particle containing iron as a main com- 
ponent. 

[0122] The obtained acicular magnetic metal composite particles containing iron as a main component had an av- 
erage major axial diameter of 0.131 urn an average minor axial diameter of 0.0187 urn, an aspect ratb of 7.0:1, a 
geometrical standard deviation of major axial diameter of 1.39, a BET specific surface area of 52.5 mftg, a volume 
resistivity value : 7.3 x 10 6 ftcm, desorption percentage of inorganic fine particles of 6.3 %, a coercive force value of 
1 ,698 Oe (1 35. 1 kA/m) and a saturation magnetization value of 129.8 emu/g (129.8 Arr^/kg). As a result of fluorescent 
X-ray analysis of the obtained particles, it was confirmed that the amount of the silicon compound produced from 
tetraethoxysilane was 0.130% by weight (calculated as Si) based on the weight of the acicular magnetic metal com- 
posite particles containing iron as a main component. 

Example 2: 

<Production of magnetic recording medium> 

[0123] 100 parts by weight of the above-prepared acicular magnetic metal composite particles containing iron as a 
main component, 1 0.0 parts by weight of a vinyl chloride-vinyl acetate copolymer resin (tradename: MR-1 1 0, produced 
by Nippon Zeon Co., Ltd.), 23.3 parts by weight of cyclohexanone, 10.0 parts by weight of methyl ethyl ketone, 1.0 
part by weight of carbon black particles (produced by Mitsubishi Chemical Corp., average particle size: 26 nm; BET 
specific surface area: 1 30 rr^/g) and 7.0 parts by weight of alumina particles B AKP-30" (tradename, produced by Sum- 
itomo Kagaku Co., Ltd., average particle size: 0.4 u/n) were kneaded together for 20 minutes using a kneader. The 
obtained kneaded material was diluted by adding 79.6 parts by weight of toluene, 11 0.2 parts by weight of methyl ethyl 
ketone and 17.8 parts by weight of cyclohexanone thereto, and then the resultant mixture was mixed and dispersed 
for 3 hours by a sand grinder, thereby obtaining a dispersion. 

[01 24] The obtained dispersion was mixed with 33.3 parts by weight of a solution prepared by dissolving 1 0.0 parts 
by weight (solid content) of a polyurethane resin (tradename: E-900, produced by Takeda Yakuhin Kogyo Co., Ltd.) in 
a mixed solvent containing methyl ethyl ketone and toluene at a mixing ratio of 1:1, and the resultant mixture was 
mixed and dispersed for 30 minutes by a sand grinder. Thereafter, the obtained dispersion was passed through a filter 
having a mesh size of 1 u/n. The obtained filter cake was mixed under stirring with 12.1 parts by weight of a solution 
prepared by dissolving 1 .0 part by weight of myristic acid and 3.0 parts by weight of butyl stearate in a mixed solvent 
containing methyl ethyl ketone, toluene and cyclohexanone at a mixing ratb (weight) of 5:3:2, and with 15.2 parts by 
weight of a solution prepared by dissolving 5.0 parts by weight of trif unctional low molecular weight polyisocyanate 
(tradename: E-31, produced by Takeda Yakuhin Kogyo Co., Ltd.) in a mixed solvent containing methyl ethyl ketone, 
toluene and cyclohexanone at a mixing ratio (weight) of 5:3:2, thereby producing a magnetic coating composition. 
[0125] The obtained magnetic coating composition contained the following components : 



Acicular magnetic metal composite particles containing iron as a main component 


100 weight parts 


Vinyl chloride-vinyl acetate copolymer resin 


10 weight parts 


Polyurethane resin 


10 weight parts 


Alumina particles 


7.0 weight parts 


Carbon black fine particles 


1 .0 weight part 


Myristic acid 


1.0 weight part 


Butyl stearate 


3.0 weight parts 


Trifunctional low molecular weight polyisocyanate 


5.0 weight parts 


Cyclohexanone 


56.6 weight parts 


Methyl ethyl ketone 


141.5 weight parts 


Toluene 


85.4 weight parts 



[0126] The obtained magnetic coating composition had a viscosity of 5,760 cP. 

[0127] The thus obtained magnetic coating composition was passed through a filter having a mesh siz of 1 urn. 
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Thereafter, the magnetic coating composition was coated on a 1 2 pm-thick polyester bas film using a slit coater having 
a gap width of 45 ^im and then dried, th reby forming a magnetic lay r on th bas film. The surface of th obtained 
magnetic recording layer was calendered and smoothened by an ordinary method, and then the film was cut into a 
width of 1/2 inch (1 .27 cm). The obtained tap was allowed to stand in a curing oven maintained at 60°C, for 24 hours 
5 to sufficiently cur th magnetic recording lay r therein, thereby producing a magnetic tap .Th obtained coating lay r 
had a thickness of 3.5 um 

[0128] With respect to magnetic properties of the obtained magnetic tape, the coercive force value thereof was 1 ,723 
Oe (137.1 k/Vm); the squareness (Br/Bm) thereof was 0.88; the gloss thereof was 232%; the surface roughness (Ra) 
thereof was 6.9 nm; the Young's modulus thereof was 139; the surface resistivity value thereof was 3.6 X 10 9 Q/cm 2 , 
10 the running durability thereof was 27.8 minutes; and the magnetic head cleaning property thereof was A. 

Core particles 1 to 3: 

[0129] As core particles, magnetic particles having properties as shown in Table 1 were prepared. 

15 

Core particles 4: 

<Forming undercoat on the surface of magnetic particles > 

20 [0130] An aqueous sodium hydroxide solution was added to 150 liters of pure water so as to adjust the pH value 
thereof to 1 1 .0. 20 kg of acicular magnetic metal particles containing iron as a main component (Core particles 1 ) were 
added to the water, deaggregated by a stirrer, and then passed through a Homomic-Line Mill (manufactured by Tokushu 
Kika Kogyo Co., Ltd.) three times, thereby obtaining a slurry of the acicular magnetic metal particles containing iron 
as a main component. 

25 [0131] The obtained slurry was mixed with water so as to adjust the concentration thereof to 98 g/liter. 150 liters of 
the diluted slurry was heated to 60°C while stirring. 

[0132] 5,444 milliliters of a 1 .0-mol/liter sodium aluminate aqueous solution (corresponding to 1 .0% by weight (cal- 
culated as Al) based on the weight of the acicular magnetic metal particles containing iron as a main component) were 
added to the slurry. The slurry was allowed to stand for 30 minutes and then mixed with acetic acid so as to adjust the 
30 pH value thereof to 8.5. 

[0133] After being kept under the above condition for 30 minutes, the resultant slurry was filtered, washed with water, 
dried while purging with N2 gas, and then pulverized, thereby obtaining the acicular magnetic metal particles containing 
iron as a main component which were surface-coated with a hydroxide of aluminum. 

[0134] Main production conditions are shown in Table 2, and various properties of the obtained acicular magnetic 
35 metal particles containing iron as a main component are shown in Table 3. 

Core particles 5 and 6: 

[0135] The same production procedure of the Core particles 4 as defined above was conducted except that kind of 
40 core particles and kind and amount of additives added were varied, thereby obtaining Core particles 5 and 6. 

[0136] Main production conditions are shown in Table 2, and various properties of the obtained Core particles are 
shown in Table 3. In "kind of coating material" of Table 2, A and S represent a hydroxide of aluminum and an oxide of 
silicon, respectively. 

45 Inorganic fine particles: 

[0137] Inorganic fine particles having properties as shown in Table 4 were prepared. 

Examples 3 to 20 and Comparative Examples 1 to 5 and 7 to 9: 

50 

[0138] The same procedure as defined in Example 1 was conducted except that kind of core particles, kind and 
amount of inorganic fine particles, linear load and time of edge runner treatment used in the fine particle-adhering step, 
kind and amount of tetraalkoxysilane, and linear load and time of edge runner treatment used in the tetraalkoxysilane- 
coating step were changed variously, thereby obtaining magnetic composite particles. 
55 [0139] Main production conditions are shown in Tables 5 and 7, and various properties of the obtained magnetic 
composit particles are shown in Tables 6 and 8. 
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Comparative Example 6 (follow-up test of Japanese Patent Application Laid-Open (KOKAI) No. 6-151139(1994)): 

[0140] 6.0 kg of the Co-coated maghemite particles as Cor particles 3 was mixed and stirred in water, and then 
1 ,000 ml of a 0. 1 -mol/liter sodium hydroxide aqueous solution was added to th resultant mixture, ther by obtaining 
a suspension having a pH valu of 1 1 .4. 

[0141] After intimately mixing and stirring the obtained suspension, 2,200 ml of a 0.5-mol/liter sodium aluminat 
aqueous solution (corresponding to 0.5% by weight (calculated as Al) based on the weight of the Co-coated maghemite 
particles) was added thereto, and the resultant mixture was further mixed and stirred. 

[0142] Then, the obtained suspension was mixed with a 0.1-mol/liter HCI aqueous solution while stirring so as to 
adjust the pH value thereof to 7.0. Immediately after the mixing was continued for 8 minutes, the obtained slurry was 
filtered, washed with water and then dried by an ordinary method, thereby obtaining magnetic particles. 
[0143] 5 kg of the thus obtained Co-coated maghemite particles were charged into an edge runner "MPU V-2 Model" 
(manufactured by Matsumoto Chuzo Tekkosho Co., Ltd.), and compacted and pulverized at a linear toad of 60 kg/cm 
for 60 minutes. 

[0144] Various properties of the obtained Co-coated maghemite particles are shown in Table 6. 
Examples 21 to 42 and Comparative Examples 10 to 18: 

[0145] The same procedure as defined in Example 2 was conducted except that kind of magnetic particles and 
amount of abrasives added were changed variously, thereby obtaining magnetic recording media. 
[0146] Main production conditions and various properties of the obtained magnetic recording media are shown in 
Tables 7 and 9. 
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Table 1 



Core 
particles 


Kind of magnetic 
particles 


Properties of 
magnetic 
particles 
Particle shape 


Core 
particles 1 


Acicular magnetic metal 
particles containing iron 

as a main component 
(Al content: 2.71 wt. %) 
(Co content: 5.78 wt. %) 


Spindle-shaped 


Core 
particles 2 


Co-coated magnetite 
particles 
(Co content: 4.72 wt. %) 
(Fe 2 * content: 15.6 wt. %) 


Spindle-shaped 


Core 
particles 3 


Co-coated maghemite 
particles 
(Co content: 2.74 wt. %) 


Acicular 
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Table 1 (continued) 



Core 
particles 


Properties of magnetic particles 


Average major 
axial diameter 
(pm) 


Average minor 
axial diameter 
(ym) 


Aspect 
ratio 
(-) 


Core 
particles 1 


0.126 


0.0176 


7.2:1 


Core 
particles 2 


0.151 


0.0220 


6.9:1 


Core 
particles 3 


0.275 


0.0334 | 


8.2:1 
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Table 1 (continued) 





Properties of magnetic particles 


Core 
particles 


Geometrical 
standard 
deviation 
value 
(-) 


BET specific 
surface area 
(m 2 /g) 


Volume 
resistivity 
value 

(£2 -cm) 


Core 
particles 1 


1.39 


53.5 


5.3 x 105 


Core 
particles 2 


1.43 ] 


52.6 


6.2 x 10 6 


Core 
particles 3 


1.41 


36.1 


8.3 X 10 6 



20 



EP1063 639A1 

Table 1 (continued) 





Properties of magnetic particles 


Core 
particles 


Coercive force 
value 


Saturation 
magnetization value 




(kA/m) 


(Oe) 


(Am2/kg) 


(emu/g) 


| Core 
particles 1 


152.6 


1,918 


136.1 


136.1 


Core 
particles 2 


72.6 


912 


81.0 


81.0 | 


Core 
particles 3 


54.7 


687 


77.1 


77.1 
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Table 2 



Core 


Kind of 


Surface 


-treatment 


step 


particles 


core 


Additive 




particles 


Kind 


Calculated 
as 


Amount 
(wt. %) 


Core 


Core 


Sodium 


Al 


1.0 


particles 4 


particles 1 


aluminate 






Core 


Core 


Water 


Si0 2 


0.50 


particles 5 


particles 2 


glass #3 






Core 


Core 


Aluminum 


Al 


2.0 


particles 6 


particles 3 


sulfate 










Water 


Si0 2 


0.5 






glass #3 







Table 2 (continued) 



Core 
particles 


Surf ace- treatment step 


Coating material 


Kind 


Calculated as 


Amount 
(wt. %) 


Core 
particles 4 


A 


Al 


0.99 


Core 
particles 5 


S 


Si0 2 


0.49 


Core 
particles 6 


A 
S 


Al 

SiQ 2 


1.93 
0.47 
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Table 3 



Core 
particles 


Properties of surface-treated magnetic 
particles 


Average major 
axial diameter 

(m) 


Average minor 
axial diameter 
(ym) 


Aspect 
ratio 
(-) 


Core 
particles 4 


0.127 


0.0178 , 


7.1:1 


Core 
particles 5 


0.151 


0.0221 


6.8:1 


Core 
particles 6 


0.275 


0.0335 i 


8.2:1 
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Table 3 (continued) 



Core 
particles 


Properties of surface- treated magnetic 
particles 


Geometrical 
standard 
deviation 
value 
(-) 


BET specific 
surface area 
(m 2 /g) 


Volume j 
resistivity 
value 
(ft- cm) 


Core i 
particles 4 


1.39 


53.3 


5.6 x 105 


Core 
particles 5 


1.43 


53.6 


8.3 X 10 6 


Core 
particles 6 


1.40 


36.5 


9.6 x 10 6 
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Table 3 (continued) 



Core 
particles 


Properties of surface- treated magnetic 
particles 


Coercive force 
value 


Saturation 
magnetization value 


1 (kA/m) 


(Oe) 


(Am 2 /kg) 


(emu/g) 


Core 
particles 4 


150.5 


1,891 


130.6 


130.6 


Core 
particles 5 


72.1 


906 


80.1 


80.1 


Core 
particles 6 


54.1 


680 


76.1 


76.1 
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Table 4 



xiiui ycu.ij.v_, j_j.ij.fc; 

particles 


-\__nci oi lnoxyanic tine paicicies 


Alumina fine 
particles 


Alumina sol (A1 2 0 3 concentration: 20%;. 
oroduced bv Nissan Kaaakn TCon\/r* Pn T.t*r? 1 


Titania fine 
particles 


STS-01 (Ti0 2 concentration: 30%; produced by 
Isbihara Sancrvo Cn Tit"H 1 


Zirconia fine 
particles 


NZS-30A (Zr0 2 concentration: 30%; produced 
by Nissan Kagaku Kogyo Co., Ltd.) 


Leila i_xnt; 

particles ! 


'-erxd sox \Leu 2 concentration: zu?; proaucea 
by Nissan Kagaku Kogyo Co., Ltd.) 


Silica fine 

^QI l_.JL.V_. JL O 


SNOWTEX-XS (Si0 2 concentration: 20%; 

^lUUUucU JJy INloball rvciy ci JS.U. JVOyyO L-O . , btQ . ) 


Aluminum ' 
nitride fine . 
particles 


(AlN concentration: 20%) 


Silicon 
carbide fine 
particles 


(SiC concentration: 20%) 


Molybdenum 
disulfide fine 
particles 


(MoS 2 concentration: 20%) 
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Table 4 (continued) 



Inorganic fine 
particles 


Properties of inorganic fine particles 


Particle 
shape 


Average 
particle 
size 
(pm) 


Geometrical 
standard 
deviation value 
(-) 


Alumina fine 
particles 


Granular 


0.012 


2.56 


Titania fine 
particles 


Granular 


0.007 


1.56 


Zirconia fine 
particles 


Granular 


0.070 


1.63 


Ceria fine 
particles 


Granular 


0.010 


1.46 i 


Silica fine 
particles 


Granular 


0.005 


1.46 


Aluminum 
nitride fine 
particles 


Granular 


0.024 


1.68 


Silicon 
carbide fine 
particles 


Granular 


0.018 


1.53 


Molybdenum 
disulfide fine 
particles 


Granular 


0.038 


1.71 
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Table 5 



Examples 
and 
Comparative 
Examples 


Kind of core 
particles 


Production of magnetic 
composite particles 


Adhesion with inorganic fine 
particles 


Colloid solution 


Kind 


Amount 
added (part 
by weight) 


Example 3 


Core 
particles 1 


Alumina fine 
particles 


5.0 


Example 4 


Core 
particles 1 


Titania fine 
particles 


2.0 


Example 5 


Core 
particles 1 


Zirconia fine 
particles 


1.0 


Example 6 


Core 
particles 1 


Ceria fine 
particles 


10.0 


Example 7 


Core 
particles 2 


Alumina fine 
particles 


3.0 


i Rxamol fi 


particles 2 


Zirconia fine 
particles 


15.0 


Example 9 


Core 
particles 3 


Silica fine 
particles 


5.0 ! 


i-tACUIl^lC -L VJ 


particles 4 


Ceria fine 
particles 


2.0 




particles 5 


Alumina fine 

particles 
Zirconia fine 


5.0 
1.0 


Example 12 


Core 
particles 6 


Alumina fine 
particles 
Ceria fine 
particles 


3.0 
2.0 


Comparative 
Example 1 


Core 
particles 1 






Comparative 
Example 2 


Core 
particles 1 


Alumina fine 
particles 


5.0 


Comparative 
Example 3 


Core 
particles 1 


Alumina fine 
particles 


5.0 


Comparative 
Example 4 


Core 
particles 1 


Alumina fine 
particles 


0.005 | 


Comparative 
Example 5 


Core 
particles 3 


Silica fine ! 
particles 


5.0 , 
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Table 5 (continued) 



! Examples 

and 
Comparative 
Examples 


Production of magnetic composite particles 


i Adhesion with inorganic fine particles 


Edge runner treatment 


Amount adhered 


Linear load 


Time 
(min. ) 


Calculated 
as 


Amount 
(wt. %) 


(N/cm) 


(Kg/cm) 


Example 3 


294 


30 


20 


A1 2 0 3 


0.96 


Example 4 


245 


25 


30 


Ti0 2 


0.57 


Example 5 


245 


25 


20 


Zr0 2 


0.26 


Example 6 


294 


30 


20 


Ce0 2 


1.89 


Example 7 


196 


20 


30 


Al 2 0 3 


0.58 


Example 8 


588 


60 


30 


Zr0 2 


4 .29 ( 


Example 9 


441 


45 


30 


Si0 2 


0.97 


Example 10 


294 


30 


20 


Ce0 2 


0.38 




588 


60 


30 


Al 2 0 3 
zro 2 


0.97 
U . Zb 


Example 12 


588 


60 


30 


A1 2 0 3 
Ce0 2 


0.57 
0.36 


Compar a t i ve 
Example 1 












Comparative 
Example 2 


294 


30 


20 


A1 2 0 3 


0.95 


Comparative 
Example 3 


294 


30 


20 


A1 2 0 3 


0.96 


Comparative 
Example 4 


294 


30 


20 


A1 2 0 3 


9 X 10" 4 


Comparative 
Example 5 


294 


30 


20 


SiO, 


0.96 
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Table 5 (continued) 



Examples 
and 
Comparative 
Examples 


Production of magnetic composite particles 


Coating with tetraalkoxysilane 


Tetraalkoxysilane 


Kind 


Amount added 
(part by weight) 


Example 3 


Te t r ae t hoxy s i lane 


1.0 


Example 4 


Tetraethoxysilane 


0.5 


Example 5 


Toh ramofVi Aw/e i 1 ana 
1 1; tx cuiic ux luxy t> lXduc 




Example 6 


Tetraethoxysilane 


1.0 


Example 7 


Tetraethoxysilane 


3.0 


Example 8 


Te t r ae t hoxy s i lane 


5.0 


Example 9 


Tetraethoxysilane 


1.0 


Example 10 


Te t r ae t hoxy s i 1 ane 


0.3 


Example 11 


Te t r ae thoxys i lane 


1.0 


Example 12 


Tetraethoxysilane 


2.0 


Compara t ive 
Example 1 


Tetraethoxysilane 


2.0 


Comparative 
Example 2 






Comparative 
Example 3 


Te t r ae thoxys i 1 ane 


0.005 


Comparative 
Example 4 


Tetraethoxysilane 


1.0 


Comparative 
Example 5 


Methyl 
hydrogenpolysiloxane 


1.0 
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Table 5 (continued) 



oxaJupies 
and 

Cnvnnri t*s t* "i tjp 
Examr> 1 es 


! Production of magnetic composite particles 


Coating with tetraalkoxysilane 


Edge runner treatment 


Coating amount 
(calculated as 
Si) 
(wt. %) 


Linear load 


Time 
(min. ) 


(N/cm) 


(Kg/cm) 


Example 3 


294 


30 


20 


0.132 


Example 4 


294 


30 


20 


0.065 


Example 5 


294 


30 


20 


0.361 


Example 6 


196 


20 




0.131 


Example 7 


294 


30 


30 




Example 8 


441 


45 


20 


0.640 


Example 9 


558 


60 


30 


0.132 


Examole 10 


196 


20 




0.039 


Example 11 


441 


45 


30 




Example 12 


294 


30 


30 


0.250 


Comparative 
Example 1 


294 


30 


30 


0.240 


Comparative 
Example 2 










Comparat i ve 
Example 3 


294 | 


30 


30 


6 X 10* 


Comparative 
Example 4 


294 


30 


30 


0.131 


Comparative 
Example 5 


294 


30 


30 


0.428 
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Table 6 



Examples 
and 
Comparative 
Examples 


Properties of magnetic composite particles 


Average 
major axial 
diameter 
(urn) 


Average 
minor axial 
diameter 
(urn) 


Aspect 
ratio 
(-) 


Geometrical 
standard 
deviation 
value 
(-) 


Example 3 


0.127 


0.0176 


7.2:1 


1.39 


Example 4 


0.126 


0.0177 


7.1:1 


1.39 


Example 5 


0.126 


0.0176 


7.2:1 


1.39 


Example 6 i 


0.127 


0.0177 


7.2:1 


1.39 


Example 7 


0.151 


0.0221 


6.8:1 


1.44 


Example 8 


0. 152 


0.0221 


6.9:1 


1.43 


Example 9 


0.276 


0.0335 


8.2:1 


1.41 


Example 10 


0.127 


0.0179 


7.1:1 


1.39 


Example 11 


0.151 


0.0222 


6.8:1 


1.44 


Example 12 


0.275 ; 


0.0336 


8.2:1 


1.41 


Comparative 
Example 1 


0.126 j 


0.0176 


7.2:1 


1.39 


comparative 
Example 2 


0.126 1 


0.0175 


7.2:1 


1.40 


Comparative 
Example 3 


0.126 


0.0176 


7.2:1 


1.39 


Comparative 
Example 4 


0.126 


0.0176 


7.2:1 


1.39 


Comparative 
Example 5 


0.276 


0.0335 


8.2:1 


1.41 


Comparative 
Example 6 


0.275 


0.0335 


8.2:1 


1.41 
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Table 6 (continued) 



Examples 

Comparative 
Examples 


Properties of magnetic composite particles 


BET 
siDec i f i c 
surface 
area value 
(m2/g) 


Volume 
resistivitv 
value 
(Q«cm) 


Coercive force 
value 


\ Jvtt/ III/ 


vue; 


Example 3 


54 . 6 


D.J X 1U° 


149.8 


1,883 


riXdlupie 4 


53.9 


*3 Q v i nfi 
J . o X 10° 


149.0 


1,872 


ciXampie d 


55. 8 


2.6 X 10 b 


150.5 


1,891 


Example 6 


54 . 6 


b . o X 10° 


151.3 


1,901 


iixamp±e / 


53.1 


3.4 X 10 ' 


71.3 


896 


txampie o 


54 . 1 


Z . / X ID ' 


71.1 


893 


ciXainpie j 


36.8 




54.3 


682 


CJCampic 1U 


55.6 


7 q v 1 n6 
j . o X JLU 


150.9 


1,896 


IjAcuUp 1c J. X 


52.8 


O v 1f|7 


70.9 


891 




37.1 




54.0 


679 


Example 1 


53.8 


3.8 x 10 6 


151.7 


1,906 


Comparative 
Example 2 


54.3 


6.5 X 10 6 


151.2 


1,900 


Comparative 
Example 3 


54.6 


6.3 X 10 6 


151.0 


1,897 


Comparative 
Example 4 


54.1 


5.2 x 10 6 


150.9 


1,893 


Comparative 
Example 5 


36.5 


8.9 X 10 9 


53.9 


677 


Comparative 
Example 6 


36.2 


4.8 x 10 7 


54.4 


683 
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Table 6 (continual 



Examples 
and 
Comparative 
Examples 


Properties of magnetic composite particles 


Saturation magnetization 
value 


Desorption 
percentage 
of inorganic 
fine 
particles 
(%) 


(AmVkg) 


(emu/g) 


Example 3 


132.9 


132.9 


6.6 


Example 4 


132 . 8 


132 . 8 


5.2 


Example 5 


133.1 


133.1 


8.1 


Example 6 


134.6 


134.6 


7.2 


Example 7 


80.1 


80.1 


9.0 


■p-v"^ mn 1 cr> D 
HmJ^cliii^j J. tr o 


79.6 


79.6 


7.4 


Example 9 


76 . 5 


76 5 


5.6 


Example 10 


134.1 


134.1 


4.3 


Example 11 


79.9 


79.9 


2.1 


Example 12 


76.9 


76.9 




Comparative 
Example 1 


135.4 


135.4 




Comparative 
Example 2 


135.6 


135.6 


71.2 


Comparative 
Example 3 


134.4 


134.4 


58.7 


Comparative 
Example 4 


133.9 


133.9 




Comparative 
i Example 5 


76.3 


76.3 


8.8 


Comparative 
Example 6 


76.8 


76.8 


18.4 
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Table 7 



Examples 
and 
Comparative 
Examples 


Kind of core 
paiLicies 


Production of magnetic 
composite particles 


Adhesion with inorganic fine 
particles 


Colloid solution 


Kind 


Amount 
added (part 
by weight) 


Example 13 


Core 
particles 1 


Aluminum nitride 
fine particles 


5.0 


Example 14 


Core 
particles 1 


Silicon carbide 
fine particles 


2.0 


Example 15 


Core 
particles 1 


Molybdenum 
disulfide fine 
particles 


1.0 


Example 16 


Core 
particles 2 


Aluminum nitride 
fine particles 


5.0 


Example 17 


Core 
particles 3 


Silicon carbide 
fine particles 


4.0 


Example 18 


Core 
particles 4 


Molybdenum 
disulfide fine 
particles 


3.0 | 


JZfcX.aiii£j J-tr J. y 


Core 
particles 5 


Aluminum nitride 
fine particles 


2.0 


Example 20 


Core 
particles 6 


Silicon carbide 
fine particles 


2.0 


Comparative 
Example 7 j 


Core 
particles 1 


Aluminum nitride j 
fine particles 


5.0 


Comparative 
Example 8 


Core 
particles 1 


Aluminum nitride 
fine particles 


5.0 


Comparative 
Example 9 


Core 
particles 1 


Aluminum nitride 
fine particles 


0.005 
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Table 7 (continued) 



Examples 
and 
Comparative 
Examples 


Production of magnetic composite particles I 


Adhesion with inorganic fine particles 


Edge runner treatment 


Amount adhered 


Linear load 


Time 
(min . ) 


Calculated 
as 


Amount 
(wt. %) 


(N/cm) 


(Kg/cm) 


Example 13 


294 


30 


30 


A1N 


0.96 


Example 14 


245 


25 


30 


SiC 


0.39 


Example 15 


196 


20 


20 


MoS 2 


0.19 


Example 16 


441 


45 


20 


A1N 


0.98 


txaiiipie J. / 


588 


60 


30 


SiC 


0.76 


Example 18 


294 


30 


30 


MoS 2 


0.55 


Example 19 


245 


25 


30 


A1N 


0.38 


Example 20 


196 


20 


20 


SiC 


0.40 


Comparative 
Example 7 


294 


30 


20 


A1N 


0.96 


Comparative 
Example 8 


294 


30 


20 : 


A1N 


0.95 


Comparative 
Example 9 


294 


30 


20 


AlN 


9 x 10~ 4 
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Table 7 (continued) 



Examples 
and 
Comparative 
Examples 


Production of magnetic composite particles 


Coating with tetraalkoxysilane 


Te t r aa 1 koxy s i 1 ane 


Kind 


Amount added 
(part by weight) 


Example 13 


Te t r ae t hoxy s i lane 


1.0 


Example 14 


Te t rae t hoxy s i 1 ane 


0.5 


Example 15 


Te t rame t hoxy s i 1 ane 


2.0 


Example 16 


Tetraethoxysilane 


1.0 


Example l / 


Tetraethoxysilane 


3.0 


Example 18 


Te t rae thoxy s i lane 


5.0 


Example 19 


Te t r ae t hoxy s i 1 ane 


1.0 


Example 20 


Te t rae thoxy s i lane 


0.3 


Comparative 
Example 7 






Comparative 
Example 8 


Tetraethoxysilane 


0.005 


Comparative 
Example 9 


Te t rae t hoxy s i 1 ane 


1.0 
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Table 7 (continued) 



Examples 
and 
Comparative 
examples 


Production of magnetic composite particles 


Coating with tetraalkoxysilane 


Edge runner treatment 


Coating amount 
(calculated as 
Si) 
(wt. %) 


Linear load 


Time 
(min. ) 


(N/cm) 


(Kg /cm) 


Example 13 


294 


30 


30 


0.131 


Example 14 


245 


25 


30 


0.066 


Example 15 


196 


20 


30 


0 . 360 


Example 16 


588 


60 


20 


0.129 


Example 17 


441 


45 


20 


0.393 


ExamD 1 e 18 


294 


30 


30 


0.638 


Example 19 


245 


25 


30 


0.135 


Example 20 


196 


20 


30 


. 0.041 


Comparative 
Example 7 | 










Comparative 
Example 8 


294 


30 


30 


6 x 10-" 


Comparative 
Example 9 


294 


30 ! 


30 


0.131 
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Table 8 

s 







Properties 


of magnetic composite particles 




Examples 


Average 


Average 


Aspect 


Geometrical 


10 


and 


major axial 


minor axial 


ratio 


standard 




Comparative 


diameter 


diameter 


(-) 


deviation 


15 


Examples 


(ym) 


(ym) 




value 
(-) 




Example 13 


0.126 


0.0177 


7.1:1 


1.39 1 




Example 14 


0.126 


0.0176 


7.2:1 


1.39 


20 


Example 15 


0.126 


0.0176 


7.2:1 


1.39 




Example 16 


0.151 


\J * \J Z. A- 


£ ft • 1 


1 A A 




Example 17 


0.276 


0.0334 | 


8.3:1 


1.41 


25 


Example 18 


0.127 


0.0179 


7.1:1 


1.39 




Example 19 


0.152 


0.0221 


6.9:1 


1.44 


30 


Example 20 


0.276 


0.0335 


8.2:1 


1.41 


Comparative 
Example 7 


0.126 


0.0176 


7.2:1 


1.39 




Comparative 
Example 8 


0.127 


0.0176 


7.2:1 


1.39 


35 


Comparative 
Example 9 


0.126 


0.0176 


7.2:1 | 


1.39 



40 



45 



50 
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Table 8 (continued) 



Examples 
and 
Comparative 
Examples 


Properties of magnetic composite particles 


BET 

^riPT" i f "i r 

surface 
area value 
(mVg) 


Volume 

value 
(Q-cm) 


Coercive force 
value 


[ KA/m) 


(Oe) 


example u 


55. 5 


3.8 X 10° 


149.6 


1,880 


hoc ample 14 


54.2 


2.9 X 10° 


149.7 


1,881 


Example 15 


56. 1 


4.8 X 10 b 


150.1 


1,886 


Example 16 


53 .9 


3.9 X 10 ' 


71.1 


893 


example i / 


37. 1 


i> . 1 X 10 ' 


54.4 


683 


i^xampie io 


55.5 


8.3 X 10 6 


149.0 


1,872 


Example 19 


52.9 


6.9 X 10 7 


70.0 


879 


Example 20 


38.1 


7.3 x 10 7 


54.1 


680 


Comparative 
Example 7 


54.4 


8.3 X 10^ 


150.2 


1,887 


Comparative 
Example 8 


54.8 


6.1 x 10 6 


148.3 i 


1,864 


Comparative 
Example 9 


54.3 


5.9 X 10 6 


148.7 


1,869 
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Table 8 (continued) 



Examples 
and 
Comparative 
Examples 


Properties of magnetic composite particles 


Saturation magnetization 
value 


Desorption 
percentage 
of inorganic 
fine 
particles 
(%) 


(Am 2 /kg) 


(emu/g) 


Example 13 


132.6 


132.6 


9.3 


Example 14 


132.6 


132.6 


8 . 6 


Fy^tttt^I 1 ^ 

-A- CXI l l^-J JL t; _J t 


133.1 


133.1 


8.9 


Example 16 


79.6 


79.6 ! 


6.9 


Example 17 


76.9 


76.9 


7.5 


Example 18 


129.9 


129.9 


2.9 


Example 19 


78.8 


78.8 j 


4.6 


Example 20 


75.3 


75.3 


4.6 


Comparative 
Example 7 


133.8 


133.8 


66.6 


Comparative 
Example 8 


133.2 


133.2 


59.3 


Comparative 
Example 9 


133.9 


133.9 
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Table 9 



Examples and 
Comparative 
Examples 


Production of magnetic coating 
composition 


Properties 
of magnetic 

coating 
composition 


Kind of 
magnetic 
particles 


Weight 
ratio of 
particles 
to resin 
(-) 


Amount of 
abrasive 

added 
(part by 
weight ) 


Viscosity 

(CP) 


Example 21 


Example 3 


5.0:1 


7.0 


5.120 


Example 22 


Example 4 


5.0:1 


7.0 


4,992 


Example 23 


Example 5 


5.0:1 


7.0 


4,838 


Example 24 


Example 6 


5.0:1 


7.0 


4,582 


Example 25 






*7 n 


2,688 


Example 26 


Example 8 


5.0:1 


7.0 


3,148 


Example 27 


Example 9 


5.0:1 


7.0 


2,304 


Example 28 


Example 10 


5.0:1 


7.0 


4.557 


Example 29 


Example 11 


C ft 1 

5.0:1 


7 . 0 


2, 688 


Example 30 


Example 12 


5.0:1 


7.0 


2,048 


Example 31 


Example 6 


5.0:1 


5.0 


4,352 


Example 32 


Example 8 


5.0:1 


3.0 


2,816 


ComDarative 
Example 10 


Comparative 
Example 1 


5.0:1 


7.0 


Ann 


Comparative 
Example 11 


Comparative 
Example 2 


5.0:1 


7.0 


7, 040 


Comparative 
Example 12 


Comparative 
Example 3 


5.0:1 


7.0 


6,861 


Comparative 
Example 13 


Comparative 
Example 4 


5.0:1 


7.0 


7,245 


Comparative 
Example 14 


Comparative 
Example 5 


5.0:1 


7.0 


2,401 


Comparative 
Example 15 


Comparative 
Example 6 


5.0:1 


7.0 


3,072 
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Table 9 (continued) 



Examples and 


Properties of magnetic recording medium 


Compara t i ve 










Examples 


Thickness of 


Coercive force 


Squareness 




magnetic 


value 


(Br/Bm) 




layer 


(kA/m) 


(Oe) 






(pm) 








Example 21 


3.5 


156.1 


1,961 


0.88 


Example 22 


3.6 


155.8 


1,958 


0.88 


Example 23 


3.5 


1 Q 
lJJ . D 




0.89 


Example 24 


3.5 


156.2 


1.963 


0.89 ! 


Example 25 


3.6 


74.9 


941 


0.89 


Example 26 




75.3 


946 


0 .90 


Example 27 


3.6 


59.1 


743 


0.91 


Example 28 


3.5 


155.7 


1,956 


0.89 


Examnlp 29 


3.6 


74.6 


938 


0.89 


Example 30 


3 . 5 


58.6 


736 


0.91 


Example 31 


3.5 


156.5 


1,966 


0.89 


I Example 32 


3.5 


75.4 | 


948 


0.91 


Comparative 
Example 10 


3.7 


154.5 


1,941 


0.83 


Comparative 
Example 11 


3.6 


154.9 


1,946 


0.84 


Comparative 
Example 12 


3.6 


155.2 


1,950 


0.85 


Comparative 
Example 13 


3.7 


155.4 


1,953 


0.85 


Comparative 
Example 14 


3.5 


58.5 


735 


0.87 


Comparative 
Example 15 


3.5 


58.6 


736 | 


0.87 
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Table 9 (continued) 



Examples and 


Properties of magnetic recording medium 


Compara t ive 








Examples 


Gloss 

I*) 


Surface 
i ougnness tea 
(run) 


Young ' s modulus 
ixeiacive 
value) 


Example 21 


235 


6.8 


138 


Example 22 


241 


6.2 


138 


Example 23 


235 


6.6 


135 


Example 24 


238 


6.0 


136 


Example 25 


191 


5.6 


141 


Example 26 




6 . 1 


139 


Example 27 


175 


7.2 


144 


Example 28 


243 


5.8 


141 




193 


5.6 j 


143 


Example 30 


178 


6.8 | 


145 I 


Example 31 


241 


5.8 


135 I 


Example 32 


198 


5.8 


137 


Comparative 
Example 10 


166 


24.2 


108 


v~ompar a c x ve 
Example 11 


178 


21.6 


121 


Comparative 
Example 12 


189 


20.0 


123 


Comparative 
Example 13 


186 


18.6 


110 


Comparative 
Example 14 


172 


7.3 


139 


Comparative 
Example 15 | 


168 


8.3 


133 
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Table 9 (continue^) 



Examples and 
Comparative 
Examples 


Properties of magnetic recording medium 


Surface 

icolbLlvlCy ValUc 

(ii/cm 2 ) 


Durability 


Durability 
time 
(min. ) 


Head 
cleaning 
property 
(-) 


Example 21 


1.6 x 10 9 


27.3 


A 


Example 22 


3.2 x 10 9 


25.3 


B 


Example 23 


4.8 x 10 9 


29.6 


A 


Example 24 


5.6 x 10 9 


>30 


A 


Example 25 


7.6 X 10 9 


28.6 


A 


Example 26 


1.0 x 10 9 


29.5 


A 


Example 27 


1.3 x 10 9 


28.3 


B 


Example 28 


2.6 x 10 9 


>30 


A 


Example 29 


9.8 X 10 9 


>30 


A 


Example 30 


2.6 X 10 9 


>30 


A 


Example 31 


4.1 X 10 9 


27.8 


B 


Example 32 


c; 7 v in9 

j « ~> iu 


25.1 


A 


Comparative 
Example 10 


6.3 X 10 9 


11.6 


D 


Comparative 
Example 11 i 


3.8 x 10 9 i 


17.6 


C 


Comparative 
Example 12 


2.6 X 10 9 


16.2 


C 


Comparative 
Example 13 


1.9 x 10 9 


12.3 


D 


Comparative 
Example 14 


4.2 x 10" 


27.2 


B 


Comparative 
Example 15 


2.8 x 10 9 


18.8 


C 
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Table 10 







Production of magnetic coating 


Properties 


10 


Examples and 
Comparative 


composition 




coating 
composition 




Examples 


Kind of 


Weight 


Amount of 


viscosicy 






magnetic 


ratio of 


abrasive 


(CP) 


■AC 




particles 


particles 
to resin 
(-> 


added 
(part by 
weight) 




20 


Example 33 


Example 13 


5.0:1 


7.0 


4,562 




Example 34 


Example 14 


5.0:1 


7.0 


4, 853 




Example 35 


Example 15 


5.0:1 


7.0 


5,260 


25 


Example 36 


ClA. dl 1 1 L/-Lfci XD 


D.U.J. 


7.0 


2,713 




Example 37 


Example 17 


5.0:1 


7.0 


2,304 




Example 38 


Example 18 


5.0:1 


7 . 0 


4,568 


30 


Example 39 


Example 19 


5.0:1 


7.0 


2,736 




Example 40 


Example 20 


5.0:1 


7.0 


2,260 


35 


Example 41 


Example 13 


5.0:1 


5.0 


4,555 




Example 42 


Example 16 


5.0:1 


3.0 


2,830 




Comparative 
Example 16 


Comparative 
Example 6 


5.0:1 ' 


7.0 


7,016 


40 


Comparative 
Example 17 


Comparative 
Example 7 


5.0:1 


7.0 


6,833 




Comparative 
Example 18 


Comparative 
Example 8 


5.0:1 


7.0 


6,325 



45 
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Table 10 (continued) 



Examples and 
Comparative 
Examples 


Properties of magnetic recording medium 


Thickness of 
magnetic 
layer 
(ym) 


Coercive force 
value 


Squareness 
(Br/Bm) 


(kA/m) 


(Oe) 


Example 33 


3.5 


157.8 


1,983 


0.88 


Example 34 


3.5 


J. J / . J 


1 QIC 


0.88 


Example 35 


3.5 


156.5 


1,966 


0.88 


Example 36 


-3-D 


74.6 


938 


A o n 

0 . 89 


Example 37 


3.4 


58.9 


740 


0.89 


Example 38 


3.4 


154.4 


1,940 


0.88 


Example 39 


3.4 


74.7 


939 


0.89 


Example 40 


3.4 


58.3 


732 


0.89 


Example 41 


3.4 


156.9 


1,971 


0.89 


Example 42 


3.4 


75.3 


946 


0.89 


Comparative 
Example 16 


3.6 


155.3 


1,951 


0.84 


Comparative 
Example 17 


3.5 


155.1 


1,949 


0.85 


Comparative 
Example 18 


3.5 


155.7 


1,956 


0.85 
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Table 10 (continued) 



Examples and 
Comparative 
Examples 


Properties of magnetic recording medium 


Gloss 
(%) 


Surface 
roughness Ra 
(nm) 


Young's modulus 
(relative 
value) 


Example 33 


~i 1 c 


c a 


-1-50 
138 


Example 34 


238 


6.5 


138 


Example 35 


235 


6.6 


138 


Example 36 


193 


6.2 


, 140 


Example 37 


181 


6.8 


143 


Example 38 


239 


6.3 


137 


Example 39 


195 


6.0 


139 


Example 40 


187 


6.0 


143 


Example 41 


240 


7.3 


138 


Example 42 


195 


6.3 


140 


Compar a t i ve 
Example 16 


176 


21.6 


119 


Comparative 
Example 17 


183 


19.8 


120 


Comparative 
Example 18 


183 


19.6 


113 
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Table 10 (continued) 

5 



10 


Examples and 
Comparative 
Examples 


Properties of magnetic recording medium 






Surface 
resistivity value 
(Q/cm 2 ) 


Durability 1 


IS 










Durability 
time 
(min. ) 


Head 
cleaning 
property 
(-) 


20 


Example 33 


2.3 


X 


109 


29.3 


A 




Example 34 


1.8 


X 


109 


27.2 


A 


25 


Example 35 


6.6 


X 


10 9 


26.6 


B 




Example 36 


7.3 


X 


109 


>30.0 


A 


30 


Example 37 


6.3 


X 


109 


29 . 6 


A 




Example 38 


5.9 


X 


10 9 


>30.0 


A 


35 


Example 39 


4.8 


x 


109 


>30.0 


A 


Example 40 


6.9 


X 


109 


>30.0 


A 




Example 41 


8.2 


X 


10 9 


27.9 


A 


40 


Example 42 


8.8 


X 


10 9 


27.4 


B 




Comparative 
Example 16 


8.3 


X 


10 9 


16.6 


C 


45 


Comparative 
Example 17 


3.3 


X 


10 9 


15.2 


C 




Comparative 
Example 18 


3.8 


X 


10 9 \ 


12.0 


D 



so 



Claims 

55 1 . Magnetic composite particles comprising: 

(a) magnetic core particles having an av rage particle size of 0.01 to 0.3 \im; and 

(b) from 0.1 to 20% by weight, based on the weight of said magnetic core particles, of inorganic particles which 
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have an average particle size of 0.001 to0.07 pm, which are fixed or anchored on the surface of each magnetic 
cor particle through a silicon compound derivable from a tetraalkoxysilan and which comprise at I ast one 
inorganic compound selected from oxides, nitrides, carbides and sulfides containing aluminum, zirconium, 
c rium, titanium, silicon, boron or molybdenum. 

2. Magnetic composite particles according to claim 1 , wher in an undercoat comprising at least one compound se- 
lected from a hydroxide of aluminum, an oxide of aluminum, a hydroxide of silicon and an oxide of silicon is provided 
on the surface of each magnetic core particle. 

3. Magnetic composite particles according to claim 2, wherein the undercoat is present in an amount of from 0.01 to 
20 % by weight, calculated as a sum of Al and SiO^, based on the weight of the magnetic core particles having 
the undercoat. 

4. Magnetic composite particles according to any one of the preceding claims, which have an average particle size 
of 0.01 to 0.3 pm, a geometrical standard deviation of particle size of not more than 2.0, a BET specific surface 
area of 16 to 160 rr£/g, a coercive force value of 250 to 4,000 Oe and a saturation magnetization value of 60 to 
170 emu/g. 

5. Magnetic composite particles according to ay one of the preceding claims, wherein the percentage of inorganic 
particles which are desorbed or fallen-off from the surfaces of said magnetic composite particles is not more than 
15 % by weight based on the weight of the said inorganic particles. 

6. Magnetic composite particles according to any one of the preceding claims, wherein said silicon compound is 
produced by heat-treating said tetraalkoxysilane at a temperature of 40 to 200°C. 

7. Magnetic composite particles according to any one of the preceding claims, wherein the said silicon compound is 
present in an amount of from 0.01 to 5.0 % by weight, calculated as Si, based on the weight of the magnetic 
composite particles. 

8. Magnetic composite particles according to any of the preceding claims, wherein the or each said inorganic com- 
pound is selected from: 

(i) aluminum oxide, zirconium oxide, cerium oxide, titanium oxide and silicon oxide; and/or 

(ii) aluminum nitride, titanium nitride, silicon nitride, zirconium nitride, boron nitride and molybdenum nitride; 
and/or 

(Hi) aluminum carbide, silicon carbide, zirconium carbide, titanium carbide, cerium carbide, boron carbide and 
molybdenum carbide; and/or 

(iv) aluminum sulfide, silicon sulfide, zirconium sulfide, titanium sulfide, and molybdenum disulfide. 

9. A magnetic recording medium comprising: 

- a non-magnetic substrate; and 

a magnetic recording layer which is provided on said non-magnetic substrate and which comprises magnetic 
composite particles as defined in any one of the preceding claims and a binder resin. 

10. A magnetic recording medium according to claim 9, which has a coercive force value of 250 to 4,000 Oe, a square- 
ness of 0.82 to 0.95, a gloss of 1 65 to 300%, a surface roughness of not more than 1 2.0 nm and a running durability 
of not less than 22 minutes. 

11. A process for producing magnetic composite particles as defined in claim 1 , comprising: 

(a) mixing magnetic particles having an average particle size of 0.01 to 0.3 pm with inorganic particles which 
have an average particle size of 0.001 to 0.07 pm and which comprise at least one inorganic compound se- 
lected from oxides, nitrides, carbides and sulfides containing aluminum, zirconium, cerium, titanium, silicon, 
boron or molybdenum, thereby to adhere said inorganic particles onto the surface of each magnetic particle; 

(b) adding tetraalkoxysilan to the resultant particles; and 

(c) heating the obtained mixture at a temperature of 40 to 200° C, thereby fixing or anchoring said inorganic par- 
ticles onto th surface of each magnetic particle through a silicon compound derivabl from said tetraalkoxysilane. 
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